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This is one of a series of paintings by Paul Peck, illustrating the anatomy of various organs and 


tissues of the body which are frequently attacked by infection, where aureomycin may prove usefal. 
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Announcing 


a new antibacterial combination 


Gantricillin is the new combination of Gantrisin ‘Roche’ 
(the single, more soluble sulfonamide) plus penicillin. 


Gantricillin is recommended for infections susceptible to penicillin 
or sulfonamides. It is especially useful when the causative 
organisms are more susceptible to the combination than to 
either drug alone. Each scored tablet contains 
0.5 Gm Gantrisin and 100,000 units of 
crystalline penicillin G potassium. 


Hoffmann-La Roche Inc., Nutley 10, N. J. 


GANTRISIN ®—brand of sulfisoxazole 
GANTRICILLIN ™ 
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NO. 2 OF A SERIES OF MESSAGES PRESRNTED AS A SERVICE 
TO THE PROFESSION 8Y THE AMERICAN CHLOROPHYLL DIVISION 
OF STRONG COBB & CO., INC., FIRST GOMMERCIAL PRODUCERS 
OF A CHEMICALLY MEASURABEE WATER-SOLUBLE EXTRACT, 1933. 
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Scientific Facts on 


CHLOROPHYL 


Are water-soluble derivatives of chlorophyll toxic? 


NON-TOXICITY OF CHLOROPHYLLINS has been noted by an increas- 
ing group of investigators, |: *: 5. 45 whether making studies of therapeutic 
effectiveness or specific tests for side effects. 

After treating a group of ulcerative colitis patients by rectal instillation of 
chlorophyllin solutions, Rafsky and Krieger' reported no evidence of irrita- 
tion even though the solution was retained for several hours. Periodic exami- 
nations of urine and blood count were made while patients were under treat- 
ment and no evidence of any side reaction or toxicity was noted. Confirming 
Smith? and Bowers,* Rafsky and Krieger! conclude that “toxicity studies have 
shown that chlorophyll* is absolutely non-toxic when administered parenter- 
ally or per os in animals or humans.” 

In Smith's study on toxicity, 25 rabbits received water-soluble chlorophyl- 
lins by mouth, intravenously, intraperitoneally, and subcutaneously, either 
separately or combined in varied dosages. A healthy human took 240 cc. of 2% 
solution orally for 3 days, and a subacute bacterial endocarditis patient re- 
ceived 500 cc. of 0.5% solution intravenously daily for eight days. Smith 
summarizes, “None of the animals, regardless of dosage, showed any systemic 
reaction indicative of toxic effect. We can conclude without qualification that 
such medicinal water-soluble chlorophyll derivatives as employed in these 
studies are without toxic effect upon the usual laboratory animals or man.” 

Bowers* reports “no skin irritation or adverse systemic reactions” follow- 
ing treatment of diverse open wounds and injuries with water-soluble chloro- 
phyll derivatives. This study covered nine months’ experiences of thirty medi- 
cal officers on 400 cases in an Army hospital. 

After using chlorophyllin on 1200 cases ranging from acute infection of 
upper respiratory tract and sinuses to chronic ulcerative lesions associated with 
varices and fistulae, Gruskin* cited non-toxicity as “a further advantage.” He 
said: “It may be introduced intravenously, or may be taken orally, in relatively 
large amounts without harm to the patient.” Gruskin* quotes Ulshafer’s re- 
port that following intravenous use there was no evidence of hepatic damage. 


Non-toxicity of water-soluble chlorophyllins has been well established. As 
finer measurement, identification and standardization of chlorophyll deriva- 
tives progress in research laboratories throughout the United States, American 
Chlorophyll is as proud to be a part of this scientific development as it is to 
have been the first to produce water-soluble chemically-measurable chloro- 
phyllins as far back as 1933. 


1 and Krieger, C. Rev. of Gastroent. AMERICAN CHLOROPHYLL 


2. Smith, L. W., Am. Jl. of Med. Sci. 207:647, 1944. 
3. Bowers, W F., Am. Ji. Surg. 73:37, 1947. DIVISION 

4. Gruskin, B,, Ji. Surg. 49:49, 1940. 

5. Taber, F. S., JI. Med. Soc. of N. J. 48:321, 1951. STRONG CO8S & CO. INC 
*The product under test was sodium copper chlorophyliins. LAKE WORTH, FLORIDA 
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to lower a hypertensive’s blood pressure 


It is desirable to 


1. reduce blood pressure to near-normal or 
normal levels 


2. alleviate hypertensive manifestations 


3. improve patient's condition even if blood 
pressure is not markedly altered. 


These objectives are now attainable with Methium 
an “orally effective ganglionic blocking agent.”! 
The clinically significant drop in blood pressure 
usually results in disappearance of subjective 
symptoms such as headache, dizziness, fatigue, 
palpitation 
Methium is indicated specifically in cases of 
severe hy pertension unresponsive to the conven- 
tional therapy of bed rest and sedatives. Once 
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lower blood pressure levels are reached and main- 
tained, the slowly increased Methium dosage can 
usually be stabilized and benefits sustained for 
prolonged periods. 

Prior to treatment each hypertensive should 
be evaluated individually. Therapeutic response 
to Methium varies. It is a potent drug and should 
be used carefully. In the presence of complications 
such as impaired renal function, coronary artery 
disease and existing or threatened cerebral vas- 
cular accident, caution is particularly indicated. 
Complete instructions for prescribing Methium 
are available on request and should be consulted 
before using the drug. 

Methium is supplied in both 125 mg. and 
250 mg. scored tablets in bottles of 100 and 500 
1. Grimson, K. S., et al.; J. A-M.A. 149:215 (May 17) 1952 
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THE ENDOCRINE CONTROL 
OF METABOLISM* 


Frank L. 


Associate Professor of Medicine and Associate in Physiology, Duke University, Durham, N. C, 


xe of the most characteristic features of all living things 
is the jealousy with which the composition of the in- 
O ternal environment is guarded, The concept of the con- 
stancy of the internal environment was first conceived 
oesesesesesesa by Claude Bernard and has been nurtured by generations 
of biologists, physiologists and biochemusts since then. In recent years, 
new meaning in biochemical terms has been given to this by the in- 
troduction of the use of isotopes into the study of metabolism by 


' Krom this work has evolved the 


Schoenheimer and his colleagues. 
broader concept of the “steady state” of metabolism. According to this 
view, all body constituents are actually in a state of flux, being con- 
tinuously synthesized, interconverted and degraded, the rates of all 
these processes being so adjusted that the net concentration of various 
metabolites within or without the cell remains extraordinarily constant. 
The state of balance which is achieved thereby 1s accomplished, how- 
ever, only by the continual expenditure of energy which is derived 


* Presented at the 25th Graduate Fortnight of The New York Academy of Medicine, October &, 1952 


Original studies referred to in this paper have been supported by a research grant by the American 
Cancer Society, recommended by the Committee on Growth of the National Research Council 
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directly or indirectly from the metabolism of foodstuffs from the diet.* 
Metabolic homeostasis is thus dependent on the proper supply and dis- 
tribution of those factors which are concerned with regulation of the 
rates of metabolic reactions and with the controlled release of energy 
necessary for the coordination of these reactions. Many factors are in- 
volved in this process, among which may be mentioned the vitamins, 
which serve as coenzymes in enzymatic reactions and the hormones. 
The latter influence the rates of metabolic reactions by mechanisms 
which are as yet poorly understood. In this discussion, our attention 
will be directed toward the role of hormones in the integrated control 
of metabolism. This will be done by describing some general aspects 
of the interrelationships between the metabolism of carbohydrate, 
protein and fat and its control by hormones, and then going on to itlus- 
trate this control under circumstances in which the organism 1s put 
under stress, such as that of fasting, overeating or the need to meet the 
requirements for growth. 

However, before embarking on a detailed discussion of the endocrine 
control of metabolism, it might be profitable to consider some general 
aspects of hormone action, We hope to avoid thereby misconceptions 
which might easily be acquired from the oversimplified, diagrammatic 
representation of the hormonal control of metabolism which is to 
follow. 

While the precise mechanisms by which hormones influence meta- 
bolic processes are as yet unknown, it is generally agreed that hormones 
do not initiate or halt any metabolic reactions, but simply modify the 
rates of existing ones. It is not known whether this is brought about by 
hormones influencing enzyme activity directly or by modifying cell 
permeability to specific substrates. The demonstration by Sutherland 
and Cort’ that epmephrine and the hyperglycemic factor of the pan- 
creas accelerate the synthesis of active phosphorylase in the liver is one 
of the few unequivocal examples of an action of a hormone directly 
on an enzyme. 


Interpretations of the role of hormones have been derived largely 


from studies of the effects of insufficiency or overdosage of a given hor- 


mone on metabolic processes and these findings in turn have been cor- 
related with those in comparable endocrinopathies in man. From such 
data it has been possible to arrive at a gross interpretation of how hor- 


mones control metabolism in the normal organism, although many large 
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gaps in our knowledge of this subject remain. To begin with, it has 
become quite apparent that the hormones concerned with metabolism 
are probably being secreted at all times, the amounts of each hormone 
secreted at any one time being determined by the needs of the organism. 
The continual fine adjustment of the rates of secretion of hormones 
with antagonistic and synergistic actions in different phases of metabol- 
ism is essential for metabolic homeostasis and is the basis for what we 
consider “normal” metabolism, When there is either an insufhiciency or 
an unnecessary OV erabundance of any one hormone, control is upset 
and homeostasis disturbed. Clinically, this ts recognizable as an en- 
docrine or metabolic disease. The manifestations of such diseases are not 
only those of the specific hormone lack or overdosage but also those 
of the un- or overcompensated effects of hormones with antagonistic 
actions. The decompensation is most apparent when a stress is put on 
metabolic processes, as by a meal in diabetes mellitus or a fast during 
adrenal insufhciency and by intercurrent illness or injury in either case. 
If two glands with antagonistic actions, such as the adrenal cortex and 
pancreas, are simultaneously deficient, metabolic processes may seem 
normal under certain circumstances. Hlowever, if the organism is put 
to test, it will be found that compensation is lost in both directions, 1.¢., 
the patient will exhibit hyperglycemia after eating and hypoglycemia on 
fasting. 

The smooth adjustments in metabolism which occur when there ts 
an intact and normally functioning endocrine system depend on the 
interaction of hormones with diverse effects. This is accomplished by 
a complex system of interlocking synergisms and antagonisms and by 
qualitatively and quantitatively differential effects of hormones in dif- 
ferent organs. Thus, for example, in their overall net influence on meta- 
bolism, insulin and pituitary growth hormone act synergistically in pro- 
tein metabolism but antagonistically in fat and carbohydrate metabolism 
while the ¢1-oxycortcosteroids of the adrenal cortex antagonize the 
effects of growth hormone in protein metabolism but synergize with it 
in carbohydrate and fat metabolism. These synergistic and antagonistic 


effects of hormones on net metabolism may be achieved in part by the 


various hormones having their predominant effects on different organs 


or tissues as well as by summating or competitive action in the same 
tissues. For example, both pituitary growth hormone and adrenal 


steroids have a sparing effect on carbohydrate utilization and this 1s 
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reflected in glycogen accumulation. In_ the former case, glycogen 
deposits most strikingly in muscle, while in the latter, the liver is the 
most conspicuous site. Not only do different organs and tissues 
respond differently quantitatively to the same hormone, but there 
may also be qualitative differences which are often dependent on out- 
side factors. Thus, growth hormone may stimulate protein anabolism 
in muscle and bone, while at the same time protein may be lost from 
the liver if nitrogen intake is not adequate to meet needs for protein 
anabolism. Hormones, then, may have general overall effects on body 
metabolism, but preferential actions on certain tissues, and these take 
precedence over effects elsewhere. 

Dietary factors may seemingly modify hormone action in other 
ways too, The amount of carbohydrate in the diet, for example, influ- 
ences the degree to which protein catabolism occurs in response to 
adrenal hormone overdosage. The protein catabolic response to this 
hormone may be considerably diminished by increasing the carbohy- 
drate intake.‘ Nutritional deficiencies may modify hormone synthesis 
and hence metabolic processes, secondarily. Chronic protein under- 
nutrition may result in deficient synthesis of protein hormones, partic- 
ularly those of the pituitary. Pantothenic acid deficiency impairs adrenal 
cortical secretory activity by virtue of the role of this vitamin in 
coenzyme A which ts essential for acetate metabolism and the biogenesis 
of adrenal steroids.” The stress of trauma and illness accentuates the 
metabolic effects of adrenal steroids and may depress those of growth 
hormone.” * Finally, it should be noted that the effects of hormones and 
endocrine ablations are not necessarily identical in all species. 

In the discussion to follow, the problem of the endocrine control of 


metabolism of necessity will be oversimplified, consideration being 


largely in terms of the net effects of hormones in the metabolic picture 
of the whole organism, without regard to many of the important vari- 
ables noted above. Space will not permit a complete documentation of 
the experimental basis for all that follows, but reference can be made 
to appropriate reviews and summaries, noted in the bibliography, from 
which the reader may get details. 

Although the pathways of metabolism of carbohydrate, protein 
and fat are inextricably woven together, it is convenient to consider 
them separately first. Figures 1 and 2 outline the main pathways of 
carbohydrate metabolism. The preeminent role of carbohydrate in 
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PATHWAYS OF CARBOHYDRATE METABOLISM 
| GLYCOLYSIS AND STORAGE AS GLYCOGEN 
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SUGGESTED SITES OF ACTION OF HORMONES 
| ANTERIOR PITUITARY, ADRENAL CORTEX, INSULIN 
2 EPINEPHRINE, HYPERGLYCEMIC FACTOR OF 

PANCREAS 
3 EPINEPHRINE 
4 ANTERIOR PITUITARY 


Fig. 1 


metabolism appears to be that of serving as the immediate source of energy 
for work and synthetic processes. I-nergy is generated during glycolysis 
and by way of the Krebs citric acid cycle in which the oxidation of the 
carbon chain is carried to completion, Carbohydrate, which enters the 
metabolic pool either by ingestion or interconversion from metabolites 
derived from protein or fat, is disposed of in three main ways, depend- 
ing on requirements. That which is needed promptly for energy 1s 
glycolyzed, enters the Krebs cycle, and is burnt to carbon dioxide and 
water. The remainder, which is not needed immediately, is stored par- 
tially as glycogen in which form it is immediately available for energy 
or for release from the liver as blood sugar, and partially as fat which is 
a more economical form in which to store energy. Compared to 
glycogen, little water needs to be deposited with fat, and for each gram 
of fat, twice as many calories are available than from a gram of carbo- 
hydrate. 

Regardless of the ultimate fate of the carbohydrate molecule, the 
first step in the utilization of glucose is its phosphorylation to glucose- 
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PATHWAYS OF CARBOHYDRATE METABOLISM 
2. OXIDATION TO co, + Ho O 
3 CONVERSION TO FAT a 


ciucose + arp -6- Po, FAT 
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6-phosphate, a reaction catalyzed by the enzyme hexokinase. The phos- 
phate ts derived from adenosine-triphosphate (ATP) and energy stored 
in this high energy phosphate compound is lost in the process. If the 
glucose is to be stored as glycogen, glucose-6-phosphate is converted to 
glucose-1-phosphate and then to glycogen in liver, muscle and other 
tissues as indicated in Figure 1. When glycogen breakdown occurs, these 
steps are reversed, but the final products of glycogenolysis are different 
in liver and muscle. The former contains an enzyme, phosphatase, 
which catalyzes the conversion of glucose-6-phosphate to glucose which 
is released into the blood stream. This enzyme is lacking in muscle and 
hence the degradation of glycogen in this tissue proceeds instead 
through the steps of glycolysis to lactic acid. In this form, it may be 
released into the blood stream and reconverted to glycogen in the liver. 
Cilucose released from liver glycogen in turn ts available for resynthests 
to glycogen in muscle, a carbohydrate cycle thus existing between 


~ 


muscle and liver glycogen. 
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The first stages of carbohydrate degradation occur anaerobically 
and are known as glycolysis, In the absence of oxygen, lactic acid is the 


final product of glycolysis, but if oxygen Is present, pyruvate may then 


proceed in several directions, two of which are shown in Figure 2. First, 


it may be converted to “acetate” (acetyl coenzyme A) and thence to 


fatty acids and fat. The latter process requires energy which is gen- 


erally derived from the other chief pathway of pyruvate metabolism. 


This involves carboxylation of pyruvate to oxalacetate which then 


condenses with “acetate” to form citric acid in the Krebs cycle. The 


“acetate” itself may be derived from another molecule of pyruvate, 


from fatty acids, amino acids and other intermediaries. In the course of 


the Krebs evcle, which proceeds in a clockwise direction, the equivalent 


of one molecule of acetate is completely oxidized to carbon dioxide and 


water and an estimated 15 high energy phosphate bonds are generated. 


The latter serve as the chief source of energy for all endergonic re- 


actions, such as those involved in fat and protein synthesis. These meta- 


bolic pathways of carbohydrate metabolism are thus closely integrated 


with those of protein and fat and upon this integration depends meta- 


bolic homeostasis and the control of the blood sugar, 


Hormonal intervention in these processes occurs at several levels. 


Ipinephrine and the hyperglycemic factor of the pancreas which is 


secreted directly into the portal circulation have been shown by Cori 


and Sutherland to influence the activity of the enzyme phosphorylase 


and hence the degradation of glycogen to glucose in the liver.’ In the 


muscle only epinephrine ts active and lactic acid is the end product. 


These hormones are apparently involved in the earliest and quickest 


response needed to elevate the blood sugar in such emergencies as insulin 


hypoglycenua. By promoting muscle glycogenolysis as well, lactic 


acid becomes available for resynthesizing the glycogen lost from the 


liver. Since epinephrine secretion 1s a factor in pituite ‘ry-adrenal secre- 


tion,’ a smooth transition to the more lasting metabolic effects of adrenal 


steroids, noted below, becomes possible. 


Available evidence indicates that insulin and, in all likehhood, growth 


11-oxycorticosteroids exert an influence at the very 


and 


hormone* 


In tl d ission, the term growth hormone will be used mmdiscriminately to refer to that hormone 
ose hormones from the anterior pituitary that have a direct effect on metabolism and are closel 
associated witl yrowtl promoting activity im alkaline extract of the interior pituitary viand 
While there a distinet possibility that all the well established metabole activitre associated witl 
jituitary may not be accounted for by a single hormone, no definitive chemical at 
paration has vet been achieved. The recent claim that growth and diahetic acts 
n be isolated as separate entities has not been substantiated.” 
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first step in carbohydrate metabolism, the hexokinase catalyzed phos- 
phorylation of glucose. In terms of the endocrine control of metabolism, 
we may consider that insulin on the one hand and growth hormone and 
11-oxycorticosteroids on the other have a competitive action at this 
level, the latter inhibiting the hexokinase catalyzed reaction and the for- 
mer overcoming this inhibition. Evidence is accumulating to indicate 
that the control of carbohydrate utilization at the level of hexokinase, 
as well as possibly elsewhere, is primarily dependent on the ratio of 
pituitary-adrenal to insulin activity, rather than on the absolute amounts 
of either hormone. In the absence of all three, carbohydrate utilization 
may be almost normal. The consequence of alterations in this hormonal 
balance is that the rates of all metabolic processes which are dependent 
upon the energy derived from carbohydrate utilization or otherwise 
linked with carbohydrate metabolism may be secondarily modified, the 
qualitative modifications of the secondary reactions which depend on 
energy from carbohydrate oxidation being determined in turn by 
secondary effects of these same hormones. When insulin action pre- 
dominates, as when a glucose load is imposed or when insulin is admin- 
istered or when there is pituitary or adrenal insufficiency, glucose utili- 
zation will be accelerated. ‘The degree to which each of the primary 
responses, Le., glycogen formation, oxidation and lipogenesis, occurs 
will depend on circumstances. Thus, in the presence of ample carbo- 
hydrate, lipogenesis will proceed predominantly, leading to a net ac- 
cumulation of fat in the normal carbohydrate overfed or insulin treated 
organism or hypopituitary subject but not necessarily in the adrenal in- 
sufficient subject in which fat breakdown may be correspondingly in- 
creased. Energy should be available for protein synthesis under these 
circumstances and is so used except in the absence of pituitary growth 
hormone when this process cannot be consummated. When carbohy- 
drate is in short supply, as during fasting, a shift in hormone balance in 
favor of insulin still increases carbohydrate utilization, but a smaller 
proportion of this utilization is accounted for as lipogenesis. 

When the balance is in favor of pituitary and adrenal activity and 
insulin activity is decreased, a brake is put on glucose utilization and 
those processes which are dependent thereon. In certain cases, such as 
during fasting, after hypoglycemia and after injury, both lipogenesis 
and protein synthesis are depressed. During active growth, when there 
is a preponderance of growth hormone activity, lipogenesis from car- 
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bohydrate is decreased, but protein synthesis is active. The secondary 
effects of a decrease in carbohydrate utilization thus may be independ- 
ently influenced by the same hormones which affect the primary 
step in glucose utilization. 

Although it is most probable that hormones influence steps else- 


where in the carbohydrate cycle, there is convincing evidence for only 


one other site. This was found by Recant who demonstrated that the 
respiratory quotient (R.Q.) depressing activity of pituitary extracts 
(? growth hormone) could be localized to an action inhibiting the con- 
version of hexose-phosphate to triose-phosphate in the glycolytic path- 
way.’ There has been speculation as to whether hormones act at other 
levels, such as the carboxylation of pyruvate to oxalacetate, the conver- 
sion of pyruvate to acetate, or on some step or steps involving the 
Krebs cycle. As yet there is no convincing evidence for direct hormonal 
influences at these points, although admittedly they may all be modified 
secondarily by hormonal action elsewhere. There is no evidence for 
hormonal control of fructokinase, an enzyme having a role in relation 
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PATHWAYS OF FAT METABOLISM 
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to fructose comparable to that of hexokinase (Figs. 1 and 2). Indeed, 
the diabetic animal has been found capable of utilizing fructose normally 
and even exhibits a normal rate of lipogenesis from acetate when fructose 
is given. In contrast, lipogenesis from acetate is markedly depressed in 
the glucose fed diabetic animal in the absence of insulin.”’ 

Protein metabolism may be considered in its simplest terms in 
Figure 3. Dietary protein is converted to amino acids in the gastromtes- 
tinal tract from whence they are absorbed and rapidly assimilated into 
the cells of the body. Hlere they may exist for a time in a iree state, may 
be synthesized to peptides and proteins, or may be deamunated, the am- 
moma residue being converted to urea in the liver and excreted. The 
keto acids (pyruvate, alpha-ketoglutarate, oxalacetate) resulting trom 
deamination or transamination can be converted to carbohydrate (glu- 
coneogenesis), to acetate and thence fat or can enter directly into the 
Krebs cycle. It is through the keto acids that protein metabolism con- 
verges with carbohydrate and fat metabolism. 


Hormones exert an important influence on protein metabolism, par- 


\ 
Fig. + 


The Endocrine Control of Metabolism 


“ACETATE’AS THE CENTRAL POINT OF METABOLISM 
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ticularly in relation to growth. Thyroid and insulin appear to play an 


indirect role in protein sy nthesis by governing energy release, while 


rowth hormone and androgens seem to stimulate specifically the con- 


= 


version of amino acids to protein and to inhibit protein breakdown. 


The 11-oxycorticosteroids have an opposite effect, but it is uncertain 


whether this is a direct one on protein breakdown and synthesis, or 


whether it is an indirect consequence of hormonal action clsewhere, 


such as that on carbohydrate metabolism. The protein catabolic response 


to adrenal hormone overdosage occurs more readily in the fasted than 


in the carbohydrate fed subject.’ Hlowever, regardless of its precise site 


of action, the net effect of adrenal hormone action in protein metabol- 


isin is to stimulate protem breakdown and gluconcogenesis, growth in- 


hibition being the consequence. 


Figures 4, 5 and 6 focus attention on different aspects of fat meta- 


bolism. Stored in the liver and adipose tissue, fat may be derived from 


the diet directly, may be synthesized from carbohydrate or protein or 


may be resynthesized from acetate arising from fatty acid catabolism. 


U8 5 
| 
“ACETATE | 
{| 
MALATE 
\ 
Fig. 5 
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For a long time, it was thought that the liver was the sole site of fat 


synthesis. but it is now known that this process can be performed in 
many tissues including adipose tissue itself. The liver at times may store 
considerable amounts of fat either because fat synthesized there is not 
removed rapidly enough or because it may be mobilized from fat depots 
and deposited there. Fat is degraded in the liver to a two carbon com- 
pound, acetate, which in its “active” form is acetyl coenzyme A. In the 
charts, this is referred to as “acetate.” As seen in Figure 5, this com- 
pound, which has stored in it considerable energy, is a key compound 
in metabolic processes and can follow a number of alternative meta- 
bolic pathways. First, it may condense with oxalacetate to enter the 
Krebs cycle as citrate. In going through this cycle, it is completely oxid- 
ized to carbon dioxide and water, with the release of energy, oxalacetate 
being regenerated, Acetate may also be resynthesized to fatty acids or 
converted to heme, uric acid, porphyrins, cholesterol and other steroids, 
or may be involved in acetylation reactions. All these processes require 
energy. Finally, in the liver acetate may itself be acetylated to aceto- 
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acetic acid, a ketone body. This compound is not metabolized to any 
appreciable degree by the liver and hence it leaves this organ for its 
metabolism to be completed elsewhere. Since, under certain circum- 
stances ketone production in the liver may exceed ketone utilization 
elsewhere, ketone bodies may accumulate in the blood and spill over 
in the urine. Recent investigation indicates that while a certain amount 
of acetoacetate is being formed at all times, the quantitative production 
of acetoacetate depends on the relative proportions of oxalacetate and 
“acetate” in the metabolic mixture in the liver (Fig. 6). Condensation 
of oxalacetate and “acetate” to form citrate to yield energy via the 
Krebs cycle and certain synthetic reactions involving “acetate” appear 
to be the preferential pathways of metabolism of “acetate” (Fig. 5). 
However, if oxalacetate is in short supply as when carbohydrate intake 
or utilization is limited, or when the supply of acetate is excessive, as 
when fat catabolism is rapid, a surplus of acetate appears and condenses 
tu acetoacetate, ketosis being the consequence (Fig. 6). Ketone body 
production by the liver is thus dependent on the relative proportions 
of oxalacetate and acetate, both of which may be influenced by a 
variety of factors. This relationship has now been well substantiated 
experimentally and gives logic to the well known phenomenon of the 
anti-ketogenic effect of carbohydrate. 

The recognized effects of hormones on fat metabolism are less well 
documented than those on carbohydrate and protein metabolism. The 
secondary effects of insulin and of pituitary and adrenal insufficiency in 
stimulating lipogenesis from carbohydrate have already been com- 
mented on, as have the reverse effects of insulin lack and pituitary and 
adrenal overaction in inhibiting lipogenesis. Gurin and Brady'* have 
illustrated the nicety of this hormonal control of lipogenesis from car- 
bohydrate by demonstrating that not only are the hormones of the 
pancreas and of the pituitary and adrenal antagonistic in this regard, 
but when all these glands are deficient, as in the Houssay cat, the rate 
of lipogenesis is the same as in normal animals. 

Hormones also influence fat mobilization to, and accumulation in, 
the liver as well as fat catabolism. Insulin tends to prevent the accumula- 
tion of fat in the liver and may inhibit fat catabolism, but there are no 

direct data on this latter point. However, the diabetic animal does ex- 
hibit fatty liver and excessive fat catabolism. During adrenal insuffi- 
ciency fat synthesis may be increased, but Welt and Wilhelmi’s data" 
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indicate that fat catabolism is correspondingly accelerated so that a net 
accumulation of fat does not usually result. During adrenal overfunc- 
tion, fat synthesis is inhibited, yer it is well known that if the food 
intake is great enough to exceed caloric requirements, fat is laid down 
preferentially to protein. Growth hormone likewise inhibits fat syn- 
thesis but in this case, protein is laid down preferentially and fat may 
be lost, in contrast to the situation in adrenal overactivity. Both fatty 
liver and ketosis result from growth hormone overactivity, but not from 
adrenal hyperactivity, although adrenal hormone apparently must be 
present for the fat-mobilizing response to growth hormone to occur."* 
Fasting ketosis from growth hormone probably results primarily from 
the rapid mobilization and catabolism of fat with an increase in acetate 
production concomitant with a slowing of carbohydrate utilization and 
a consequent scarcity of oxalacetate. Ketosis resulting from growth 
hormone action is easily prevented by glucose unless diabetes has re- 
sulted from growth hormone treatment. In the latter case, as well as in 
pancreatic diabetes, oxalacetate deficiency is probably of primary im- 
portance, but the tendency to ketosis is accentuated by the accelerated 
production of “acetate” from fat catabolism. Despite their diabetogenic 
effects, the 11-oxycorticosteroids not only do not stimulate ketosis, but 
may even depress ketone production under certain circumstances.'* '" 
The mechanism of this remains to be elaborated. 

Up to this point, emphasis has been on the general outline of meta- 
bolism with indications of the points at which hormones influence 
metabolic reactions. Let us now direct our attention to the problem 
of how hormones aid in the integration of metabolic processes to main- 
tain homeostasis. This can best be approached by considering the effects 
on metabolism of stresses which threaten to upset homeostasis, ascertain- 
ing the steps which are taken to restore balance and evaluating the part 
played by hormones in effecting this restoration of homeostasis. The 
latter can be demonstrated by noting the effects of hormone insufti- 
ciency, overdosage or imbalance on the ability of the organism to 
adjust. 

Beginning with the basic premise that the metabolic pattern at any 
given moment ts in part a reflection of the interplay of the secretions 
of all the hormones concerned with metabolic regulation, let us con- 


sider first the response to fasting or to insulin hypoglycemia. The latter 


forces the organism to make the same adjustment in minutes that it 
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Fig. 7 


has hours to accomplish during a fast. In both cases the preeminent 
requirement is to keep the blood sugar at a level which ts compatible 
with the carbohydrate requirements of the central nervous system. 
Figure 7 presents a schematic outline of the adjustments that occur 
during fasting or in response to hypoglycemia. In this and the following 
charts the rate and magnitude of metabolic reactions are indicated by 
the comparative length and thickness of the arrows, and their relation 
to reactions proceeding in the reverse direction, The limitations of such 
a diagrammatic representation are, of course, obvious since none of these 
processes are fixed. An animated movie would be more appropriate. 
With the maintenance of the blood sugar as the governing require- 
ment, the earliest response to fasting will be a release of glucose from 
liver glycogen. When the need ts very great, as in insulin hypogly- 
cemia, this process is rapidly catalyzed with the aid of epinephrine as 
well as possibly by hyperglycemic factor of the pancreas. However, 
the endogenous reserve of carbohydrate as glycogen is limited and 
cannot tide the organism over any appreciable period of carbohydrate 


deprivation unless other compensatory mechanisms are set in’ motion 
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both to spare carbohydrate and to promote the formation of new car- 
bohydrate from non-carbohydrate sources, such as protein. [hese 
responses are illustrated in Figure 7. Glucose utilization is decreased 
most markedly by cutting back the rate of fat synthesis from carbo- 
hydrate, carbohydrate being reserved almost completely for essential 
energy purposes, particularly in the nervous system, which is almost 
totally dependent on carbohydrate. New carbohydrate and Krebs cycle 
intermediaries are made available by an acceleration of protein catabol- 
ism, protein synthesis being reduced to a minimum. Such glycogen as 


is derived from these sources is rapidly used. At the same time, energy 


is derived from fat catabolism, and the combination of accelerated fat 
catabolism with a simultaneous reduction of carbohydrate utilization 
and hence oxacetate production results in ketosis. However, ketone 
bodies can be used in the extrahepatic tissue and, indeed, apparently 
serve as an important source of energy in heart muscle and elsewhere 
under these circumstances. 

These adjustments are facilitated by hormones with the total picture 
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suggesting depression of insulin secretion and activity, and a compara- 
tive increase in adrenal cortical and anterior pituitary activity. Glucose 
utilization is depressed by this combination of hormonal effects. Glu- 


coneogenesis from accelerated protein catabolism is promoted by adrenal 


cortical activity. Fat mobilization and catabolism and, secondarily, the 
tendency to fatty liver and ketosis may be manifestations of growth 
hormone action, the protein anabolic action of this hormone being held 
in abeyance by the antagonistic action of the adrenal cortex and relative 


deficiency in insulin which is essential for the consummation of the 


protein anabolic action of growth hormone. 


Figures 8, 9 and 10 concretize certain of these relationships by illus- 


trating the modification of this response in the presence of hormone 


imbalance, namely adrenal and or pituitary insufficiency, insulin insuffi- 


ciency and combined pituitary-adrenal and insulin deficiency. In Figure 


8, hypothetical levels of blood sugar and ketones and urinary nitrogen 


excretion in man are recorded during a ninety-six hour fast. Normally, 
the blood sugar falls from the fed level during the first forty-eight 
hours, but it is generally sustained above hypoglycemic levels. As the 
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fast continues, the blood sugar stabilizes at a reasonable level, although 
of course, if the fast lasts indefinitely, decompensation eventually 
occurs. There is a relative increase in nitrogen excretion and ketonuria 
increases progressively. If glucose tolerance tests are done at fifteen and 
forty-eight hours of fasting, a distinct impairment of carbohydrate 
tolerance will be noted at the latter ume (Fig. 9). This phenomenon 
has been referred to as starvation diabetes and is characterized by a low 
or normal fasting blood sugar with impaired tolerance to glucose. These 
changes are reflections of the shifts in metabolism noted above. In the 
absence of either one of the metabolic regulatory hormones, 1.¢., those 
of the anterior pituitary, adrenal cortex or islets of Langerhans, a strik- 
ing loss of compensation occurs, With pituitary or adrenal insufficiency, 
a rapid, progressive, fall in blood sugar ensues, with none of the com- 
pensatory increases in nitrogen excretion or ketone body formation. 
The shape of the glucose tolerance tests is unchanged by fasting. In 
contrast, during insulin deficiency, the response in these various para- 


meters is considerably exaggerated. The blood sugar may fall con- 
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siderably during a fast, but sull may remain at hy perglycemic levels. 
When both pituitary-adrenal function and insulin are deficient, com- 
pensation is disturbed in both directions. The blood sugar ts high after 
eating, but falls rapidly on fasting to fatal hypoglycemia, without im- 
pressive changes in nitrogen or ketone excretion. The glucose tolerance 
tests show the corresponding alteration. 

Phe insulin-glucose tolerance test convemently illustrates the dis- 
turbances in homeostatic response to insulin hypoglycemia which occurs 
during disease of the endocrine system’? (Fig. 10). In this procedure, 
insulin is g 


cemia has been established, glucose is given orally. As first shown by 


iven intravenously and thirty minutes later, when hypogly 


Somogyi, the blood sugar rises higher in normal subjects given glucose 
under these circumstances than it does when a glucose tolerance test 
is performed without insulin hypoglycemia having been induced prior 
to the test. This indicates that compensatory mechanisms to restore and 


conserve the blood sugar have already been set in motion by the time 
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the glucose has been administered. When either the pituitary or the 
adrenal cortex is lacking, it is found that the blood sugar rises only 
slowly despite the administration of glucose, while in the diabetic, the 
hyperglycemic response is magnified even though the blood sugar fall 
after insulin may be small. With combined deficiency, again an inter- 
mediate response is found. These data demonstrate quite clearly the 
counterbalancing effects of pituitary and adrenal factors on one hand, 
and insulin on the other in the homeostatic response to fastung or 
hypoglycemia. 

Another type of metabolic adjustment arrived at with the aid of 
these hormones is that in response to overeating. Hlere compensation 
is achieved at the expense of excess fat deposition and obesity while 
decompensation is manifested by the development of diabetes mellitus, 
Figures 11 and 12 demonstrate these relationships. 

Phe chief problem in relation to overeating is the disposal of the 
excess food in convenient storage forms. This is done chiefly as fat 


unless requirements for growth, as in childhood or during pregnancy, 


make possible some use for protein synthesis. Comparatively little of the 
carbohydrate can be stored as glycogen, the major part being converted 
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to fat with a concomitant utilization of carbohydrate via the Krebs 
cycle to supply the necessary energy for its synthesis. Dietary fat is 
partially used and partially stored, while the nitrogen from dietary 
protein which is in excess of that necessary for nitrogen balance 1s 
eventually excreted as urea. Under full compensation, the efficiency of 
the disposal of carbohydrate is such that the blood sugar does not 
exceed normal levels, even after a large carbohydrate meal. It might be 
noted in passing that the adjustments involved in overeating are the 
same as those that take place normally on a small scale every time a 
meal is ingested since ordinarily food is only taken intermittently but 
is used continuously. The hormone most clearly implicated in these 
processes is insulin which, as noted elsewhere, is directly or indirectly 
concerned with supporting the metabolic reactions under consideration. 
Both clinical experience and experimental studies have shown that when 
insulin secretion fails to keep pace with its need to support lipogenesis, 
diabetes mellitus ensues with consequent decompensation as shown in 
Figure 12 which illustrates the process in its extreme, Hyperglycemia 
and glycosuria develop, body fat and protein are lost, and ketosis results 
from the combined effects of decreased carbohydrate utilization and 
increased fat catabolism and acetate production. At first insulin defi- 
ciency may be only relative for when dietary intake is reduced the 
diabetes disappears. However, if the stress of ov ertceding is continued, 
permanent pancreatic failure may ensue. [These considerations focus 
attention on the importance of weight reduction in the prevention of 
diabetes and in the treatment of the obese diabetic patient. The role of 
other hormones in both the compensated and decompensated response 
is not clearly defined. However, it is pertinent that overfeeding will 
induce obesity in the absence of the pituitary or adrenal glands, but 
will not result readily in diabetes. It should be noted too, that the 
diabetes resulting from either growth hormone or corticoid overdosage 
is not exactly the same as that from pancreatectomy. In the former 
case, hyperglycemia, glycosuria and ketosis may occur in the presence 
of a positive nitrogen balance, although the permanent diabetes which 
persists after discontinuing growth hormone is characterized by degen- 
eration of the beta cells of the islets and failure of insulin production, 
the metabolic changes then being comparable to those after pancreatic 


damage produced in other ways. Cortisone diabetes is characterized 


by hyperglycemia, glycosuria and negative nitrogen balance, but ketosis 
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is unusual. Recent studies by Welt, Stetten, Ingle and Morley'> indicate 
that overproduction of carbohydrase may be a real factor in this type of 
diabetes whereas underutilization of carbohydrate characterizes pan- 
creatic diabetes. 

Another set of circumstances in which adjustments must take place 
in order to maintain the constancy of the internal environment in the 


face of special requirements is growth, Protein anabolism, which ts the 


basic feature of growth, is of course, occurring at all times as protein 


is being continually turned over, but there are certain umes when pro- 
tein anabolism is particularly active and takes precedence in require- 
ments. This is true during childhood and during pregnancy and lacta- 
tion, In the latter cases, if the dietary intake of protein is inadequate, 
nitrogen is withdrawn from the body for specialized protein synthesis. 
Local increases in requirements for protem occur under other circum- 
stances too, such as when tissue has been damaged and must be repaired 
or to meet the requirements of work hypertrophy as in the muscles 


of the athlete. The stimuli for growth are not identical under all these 
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circumstances, but they have certain features in common. Figure 13 
illustrates some of the metabolic adjustments for growth of the whole 


organism. For this purpose, amino acids presumably are used preferen- 


tially for protein anabolism while carbohydrate and fat metabolism are 


geared to generate the necessary energy. Dependence exclusiy ely on 
carbohydrate for energy for protein synthesis, however, would put an 
undue strain on available supplies of carbohydrate, which are limited 
because protein catabolism and consequent gluconeogenesis must’ be 
kept at a minimum if a net gain in protein is to result. Consequently, a 
mechanism for deriving energy for this purpose from fat seems to have 
been developed. Fat stores are lost during periods of rapid growth while 
carbohydrate is spared as much as possible. Ketosis tends to occur quite 
readily on tasting during periods of rapid growth. The precise mechan- 
ism by which energy from fat catabolism is delivered for protein syn- 
thesis is not known. In order for growth to occur, the overall rate of 
metabolism regulated by the thyroid must be normal and insulin must 
be present for growth hormone to exert its anabolic effect. Growth 
hormone also appears to be a factor in the mobilization of fat and the 
ketosis noted above. [It is interesting to note too, as has been shown by 
Young.'” that where growth hormone cannot stimulate growth, as 
in the adult cat or dog, it induces diabetes. In the puppy or kitten or 


the rat, which ts capable of growth all its life, growth and not diabetes 


is induced by this hormone while in the pregnant bitch large fetuses 
result and in the lactating animal there ts increased milk production. 

Phe adrenal cortex plays a dual role in growth by virtue of its 
secretion of anabolic steroids, which are excreted in the urine largely 
as. 17-ketosteroids, and catabolic steroids, the 11-OXY corticosteroids, 
which serve as a braking factor in growth. The former play an im- 
portant role in growth during puberty as noted below. With the aid 
of the 11-oxycorticosteroids the growth process may be sharply inhib- 
ited when special requirements must take supersedence. ‘Thus, during 
fasting or insulin hypoglycemia protein must be released for gluconeo- 
genesis. After injury general body growth must concede to the special 
needs of local repair, and during pregnancy or lactation nitrogen must 
be drawn from the body when the protein intake is inadequate. The 
body's ability to make this contribution of nitrogen from its own pro- 
tein depends on the presence of t1-oxycorticosteroids of the adrenal 
Coren. 
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Figure 14 indicates hypothetical levels of growth promoting hor- 
mones during the period of acuve growth in man. Insulin and thyroid 
are needed at all times and are indicated as being supplied in greater 
amounts during these periods. Failure of insulin production to keep 
pace with needs may be a significant factor in the development of 
juvenile diabetes. Growth hormone probably is most important in early 
life, while androgens from the adrenal cortex and later from the testis 
in males are preeminent in the growth spurt of puberty. Androgen and 
estrogens play a critical role in closure of the epiphyses and hence are 
a factor in the final cessation of linear growth. Premature hypersecre- 
tion of androgens, as in the adrenogenital syndrome, results in precoci- 
ous somatic growth but early closure of the epiphyses and short stature. 
In prepubertal hypogonadism in the male testosterone deficiency results 
in delayed closure of the epiphyses so that linear growth of long bones 
may continue long after growth ordinarily stops in normal subjects. 
This accounts for the peculiar body configuration of the hypogonad 
male. 
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kigure 15 summarizes the endocrine factors in metabolism, not in 
terms of actual sites of action, but in the overall directions that meta 
bolic reactions are influenced by hormones. From this diagram, one 
can get a bird’s-eye view of the interplay of hormones m the control 
of the main steps in carbohydrate, protein and fat metabolism. The rapid 
adjustment in terms of need of the secretion of the hormones regulating 
these metabolic processes makes possible the smooth shifts in alternative 
metabolic pathways essential for the maintenance of homeostasis. While 
our knowledge of this subject has advanced rapidly in recent years, 
much still needs to be learned about the precise mechanisms by which 
the glands adjust their secretion to needs with such precision and about 
how the hormones actually control the rates of metabolic reaction. The 
soluuon of these problems holds great promise in terms of advancing 
our knowledge of the nature of many diseases as well as in our under 
standing of the mechanism of the therapeutic effects of certain hormones 
in disease. 
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Sot SHERRY 


Sue material to be presented is a recapitulation of the cur- 
rent views on diabetes, with emphasis on our understand- 
T ing of the disease state, rather than its management. My 
position is simply that of a reporter, since I have taken 
Gesesesesesesa no active part in the development of the subject matter. 
\s a result, the data reviewed are colored by interpretations, and the 
concepts which emerge may still require considerable modification. 
I fowever, the information available is beginning to gel into certain pat- 
terns which can guide our understanding of the normal and abnormal 
physiology as it relates to this disease. An appreciation of these formu- 
lations allows us to approach a patient with the type of information 
necessary for understanding the problems encountered, and to explain 
our actions on a rational basis. Otherwise we get hopelessly lost in de- 
tails which hinder development on a broad base. 
Perhaps the most striking advance in our knowledge of the work- 
ings of the human body in our own medical times has been the evolution 
of the concept of the dynamic state.' This, of course, has been tremen- 


dously stimulated by the introduction of the isotope as a tool for experi- 


mental study. It was originally hoped that the introduction of isotopes, 
which would allow for tracing the metabolism of a certain substance in 
the body, would give us quick answers to some of our perplexing prob- 
lems. Instead, it changed our fundamental concepts. It was indeed like 
Columbus venturing forth to find a new passage to the Indies but in- 
stead, finding a new world. This confused things considerably, until 
enough information could be accumulated to properly change the map 
of the world. 

We are still in the confused state, but, like Columbus, knowing that 
a new world had been discovered, we recognize that our concept of 
differentiating between exogenous and endogenous metabolism (i.e., 
the handling of metabolites derived from outside the body as compared 
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to those arising within the body) was naive; we also recognize that 
carbohydrate, fat, and protein cannot be thought of completely indi- 
vidually in that they are very thoroughly interrelated, especially in their 
final common metabolic pathways; and we recognize that almost every 
substance in the body is in a constant state of dynamic flux, and that 
at any one moment its concentration represents a precise equilibrium 
between the processes of synthesis and the processes of degradation. 
We now think and talk in terms of metabolic pools, which implies that 
substances of similar nature distributed throughout the body, even 
though they may be part of fixed structures (e.g., specific amino and 
fatty acids), nevertheless are in some state of mobile equilibrium with 
each other, and can be readily altered by the changing metabolism of 
the body. 

Another and equally important development in our time has been 
the elucidation of the part that enzyme systems play in metabolism. 
These enzyme systems are responsible for tremendously accelerating 
the rates of reactions. They do not create new reactions, but simply 


speed things up, and allow us to live cur lives at our accustomed pace. 


Without them, we should have to conceive of aging in terms of geo- 
logical eras. Every chemical reaction in the body that has been studied, 
save the combination of hemoglobin with oxygen, has an enzyme sys- 
tem to accelerate it. Thus, the basic biochemical reaction by which one 
substance is converted into another is paced by an enzyme system. 
The enzyme system in relation to a specific reaction assumes more and 
more importance because it becomes the common meeting ground of 
the biochemist, nutritionist, geneticist, endocrinologist, and in time, the 
clinician. 

According to our present concepts, there is a specific gene for every 
specific enzyme within a cell.* When that gene is lost, as by mutation, 
the enzyme system is lost, and a certain reaction is blocked. One now 
begins to appreciate the nature of certain constitutional and hereditary 
disturbances. Albinism may represent a genetic loss which controls the 
presence of dopa oxidase, an enzyme required to convert certain tyro- 
sine metabolites into melanin; and sickle cell trait and anemia may rep- 
resent a genetic disturbance controlling the presence of enzyme systems 
concerned with the synthesis of a normal type of hemoglobin.’ 

Hormones are best visualized as determining the rate of activity of 
specific reactions. Their mode of control has not been completely clari- 
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fied. From the data available, it would appear that the hormone avidly 
combines with the intact cell and then exerts its action on specific re- 
actions catalyzed by specific enzyme systems. For example, pituitary 
thyrotropic hormone combines with the thyroid cell, and then deter- 
mines the activity of the reactions concerned with the uptake of 1odine 
and the synthesis and deliv ery of thyroid hormone;* insulin combines 
with muscle and other tissues, and determines the rate of entry of glu- 
cose into the active metabolism of the cell.” 

You may have noted that | have used the phrase enzyme system, 
rather than enzyme. Enzyme systems, when studied, usually consist of 
three parts: a protem material which we call the evzyme itself; a non- 
protein nitrogen containing material of relatively simple composition 
called a co-enzyme; and an inorganic element which is referred to as a 
co-factor. Wherever the biochemical function of a water soluble vita- 
min has been established, it has turned out to be the most important 
part of a co-enzyme. ‘Thus, vitamin B: ts found in the co-enzyme con- 
cerned with the splitting off of COs from molecules, a process referred 
to as decarboxylation, and niacin is part of the co-enzyme concerned 
with the removal of hydrogen from molecules, a process referred to as 
dehydrogenation, ‘The co-factors are elements like magnesium, copper, 
zine and iron, and give us an understanding of our requirements for 


some of these trace elements. | should like to leave you with the con- 


cept that the gene present in the nucleus will determine whether or not 


certain enzymes are present in the cell; that the enzyme systems will 
often require vitamins and minerals; and that hormones, which are 
brought to the cells by the circulation, from certain special organs, will 
either accelerate or inhibit these fundamental reactions. 


Due or 


With these considerations as a background, we are in a better posi- 
tion to proceed with a discussion of the metabolism of carbohydrate. 

The human body is geared to use carbohydrate as its major source 
of fuel for its energy requirements. All types of muscle — smooth, stri- 
ated, and cardiac — use carbohydrate as a fuel stuff. Nervous tssue 
apparently can use only carbohydrate and its metabolites. Aside from 
a few special purposes, such as its protective and detoxifying actions, 
and its appearance in the cerebrosides of nervous tissue, in the nucleic 
acids of nucleus and cytoplasm, and in the hyaluronic acid and chon- 
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cell circulation 


glucose —4+PO,—>glucose PO, —>PO,+|glucose 


Fig. 1 Schematic representation of rapid transport of glucose across 
intestinal mucosa 


droitin sulfate of the intercellular cement substances, carbohydrate can 


be viewed as fuel material. It is not metabolic machinery like proteins. 
It is not a source of fuel storage, like fat. Rather it is the active fuel 
of the body and ts stored as glycogen to a very limited extent. Glyco- 
gen is only a very small appendage of carbohydrate metabolism, and 
though very important, represents a turnover of about 3 per cent of the 
total amount of carbohydrate utilized daily. Uhus, carbohydrate should 
be visualized as the active fuel of the body, and must be continually 
supplied in the diet, 

Phe absorption of the digested sugars 1s mainly confined to the small 
intestine with only traces absorbed in the stomach and large bowel. 
These monosaccharides are absorbed by two processes: one, a non-spect- 
fic slow diffusion based on osmotic principles; the other a very rapid, and 
specific process requiring the use of energy and termed a phosphoryla- 
tion. Phosphorylation is a very fundamental reaction and its use in 
cellular transport is schematized in Figure 1. 

As glucose enters the cell, it combines with phosphate in the pres- 
ence of appropriate enzymes and energy. This is called a phosphoryla- 
tion, and glucose phosphate ts formed. The glucose phosphate is then 
transported to the side of the cell closest to the circulation where in the 
presence of a phosphatase, the phosphate is split off and the glucose is 
released into the circulation. This is probably the same type of mechan- 
ism by which glucose 1s rapidly reabsorbed in the kidney tubule. The 
point I should like to stress is that an active transport system involving 
a phosphorylation exists ithin the intestinal cells for the rapid transfer 
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of glucose. It is probable that in sprue there is a lack of some aspect of 
the necessary phosphorylating mechanism, resulting, in this condition, 
in the slow absorption of hexoses by osmotic factors alone. 

Before describing the fate of the hexoses, once they enter the body 
via the portal circulation, I should like to comment on the mechanism 
of the urinary excretion of glucose, and on its intermediary metabolism. 

Glucose is filtered at the glomerulus, and reabsorbed by the proxi- 
mal tubule of the nephron. It is probably reabsorbed by the mechanism 
of phosphorylation, and is limited per unit time by the availability of 
an active transport system. Under normal situations, the kidney can re- 
absorb 250-350 milligrams of glucose per minute. If less than that 
amount is presented to the renal tubules, the glucose will almost be com- 
pletely reabsorbed. If more than that amount is presented to the renal 
tubule, then the excess over the maximal rate of tubular reabsorption 
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(referred to by renal physiologists as the glucose Tm) will appear in 
the urine. The excretion of glucose then depends on 3 factors, 1) the 
plasma glucose level, 2) the rate of glomerular filtration, and 3) the 
maximal rate of tubular reabsorption. Thus, a diabetic developing ex- 
tensive nephritis with marked glomerular disease may have a consider- 
able improvement in his glycosuria when the amount of glucose filtered 
is sharply reduced. The amelioration of the diabetes when Kimmelstiel- 
Wilson’s disease appears’ may in part be on this basis. The physiological 
mechanisms responsible for the glycosuria in renal diabetes have not 
been entirely elucidated as yet. In the few instances where the maximal 
rate of tubular reabsorption for glucose has been measured, the values 
have been in the normal range. 

The intermediary metabolism of carbohydrate in the peripheral tis- 
sues is schematically illustrated in Figure 2. 

Glucose which enters the cells of tissues is also rapidly phosphory- 
lated. As you can begin to appreciate, glucose itself is fairly metaboli- 
cally inert, and only actively enters the intricate metabolism of the cell 
once phosphate is coupled with it. The organic phosphate compounds 
of the body can be visualized, in general, as being much more reactive 
than their non-phosphate containing analogs. The enzyme concerned 
with the phosphorylation of glucose in tissues is called hexokinase. The 
glucose phosphate formed can then either be built up to glycogen; or 
anaerobically broken down in a series of reactions to pyruvic acid, with 
some energy liberated in this process. The reactions involving the syn- 
thesis of glycogen or the formation of pyruvate are reversible. 

Pyruvate now embarks on the aerobic phase of carbohydrate meta- 
bolism by entering the tricarboxylic acid cycle, also known as the Krebs 
citric acid cycle. This cycle consists of several substances which are 
continually and successively being formed from each other. In this 
continual turnover, metabolites enter, and are degraded to carbon di- 
oxide and water with the liberation of energy. This wheel of metabolic 
activity has turned out to be the heart of energy production within the 
cell.?_ It represents the final common metabolic pathway into which the 
intermediary metabolites of carbohydrate, fat, and protein are fed for 
energy production. It should be re-emphasized that this is a common 
cycle by which fat, carbohydrate and protein can be used for their 
energy yield; however, under normal circumstances with adequate 
amounts of carbohydrate metabolites available, most of the energy is 


. 


208 THE BULLETIN 


THE FATE OF CARBOHYDRATE IN THE BODY (SCHEMATIC) 


INTESTINE LIVER 
2 TISSUES 
glycogen 
Portal Cwculation Circulation 
acia 
ac, 


Fig. 3 


derived from this latter source. In the absence of carbohydrate metabo- 
lites, energy must be derived to an increasing extent from fat intermedi- 
ates and amino acids. In this way, the mechanism of the fat and protein 
sparing action of carbohydrate is readily understandable. 

Finally, since pyruvic acid can readily be built up to fatty acids, 
and since amino acids can enter the cycle either directly, or through 
carbohydrate, or fat intermediates, the interrelationship of protein, fat, 
and carbohydrate becomes apparent. 

The fate of carbohydrate in the body is schematically represented 
in Figure 3. 

The hexoses formed in the gastrointestinal tract are absorbed into 
the portal circulation and brought to the liver where they are converted 
to glucose phosphate. Glucose phosphate in the liver and tissues is a 
key substance existing at the crossroads of carbohydrate metabolism. 
In the liver, glucose phosphate may be built up to glycogen (the process 
being termed g/ycogenesis); or broken down to pyruvic acid; or it may 
liberate glucose into the systemic circulation. Glucose phosphate, on 
the other hand, arises from the absorbed hexoses; from g/ycogenol ysis 
(.e., the breakdown of glycogen); and from gluconeogenesis (.e., syn- 
thesis from non-carbohydrate precursors like amino acids and glycerol). 

The delivery of glucose into the circulation from glucose phosphate 
in the liver is of extreme importance in maintaining the blood sugar 
level, and is catalyzed by a phosphatase. This phosphatase ts lacking in 
Von Gierke’s or glycogen storage disease and, as a result, glycogen 
accumulates in the organ in tremendous quantities and yet hypogly- 
cemia and ketosis may be evident systemically. 
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The glucose delivered to the circulation is then brought to the tis- 
sues, where it is phosphorylated, and then either built up to glycogen 
and temporarily stored, or broken down to pyruvic acid for entry into 
the tricarboxylic acid cycle. Once glucose phosphate is formed in the 
peripheral tissues, glucose cannot be released from it, since there is no 
suitable phosphatase available in the cells. However, pyruvic acid, or 
lactic acid (which is formed from pyruvic acid when oxygen ts lacking) 
can diffuse out of the cell, circulate to the liver, and subsequently be 
resynthesized by that organ and liberated as glucose. 

Of the total glucose which is normally daily metabolized in this 
fashion, it has been estimated from tracer studies” that 67 per cent ts 
oxidized to carbon dioxide and water, 30 per cent is converted to fatty 
acids via pyruvic acid, and 3 per cent is converted to glycogen. The 
origin of this glucose which is daily metabolized has been estimated as 
follows: 65 per cent is of dietary origin, 32 per cent is obtained from 
gluconeogenesis, and 3 per cent from glycogen. If these figures are fair 
estimates of what is going on in the normal human, then the indiy idual 
is in glycogen balance, derives about one-third of his carbohydrate 
from protein, and diverts about one-third of his carbohydrate into fat 
synthesis. 


Brocks Diaperes 


‘The diabetic animal has been shown to be unable to convert glucose 
to pyruvate, and he cannot convert glucose to glycogen, yet he is per- 
fectly capable of synthesizing glycogen from pyruvate and other small 
fragments.” A little thought about these observations leads us to con- 
clude that the major metabolic block in carbohydrate metabolism in dia- 
betes is an inability to form glucose phosphate from glucose. Although 
this is becoming generally accepted, it should be noted that this block 


does not apply to the transport systems of the intestines and kidney 


which are probably under the control of different factors. 

This concept of the carbohydrate metabolic block in diabetes forms 
the basis for recent studies on the possible usefulness of fructose. Fruc 
tose 1s phosphorylated independently of glucose and this action does not 
appear to be blocked in diabetes. The fructose phosphate formed may 
then enter the intermediary metabolism of carbohydrate below the 
initial block. The preliminary observations that have been reported are 
in accord with this viewpoint.” 
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HORMONAL CONTROL OF CARBOHYDRATE METABOLISM ( SCHEMATIC) 


INTESTINE 


MONOSACCHARIDES 


One other metabolic block, which tracer studies have revealed as 
present in diabetes is the inability of the liver to form fatty acids from 
glucose.'” Since the normal animal diverts one-third of his carbohydrate 
into fat synthesis, this may be of considerable significance. 

Since uncontrolled diabetics promptly go into negative nitrogen 
balance, it may well be that there also exists a metabolic block for nor- 
inal protem synthesis in this disease. Thus, diabetes can be considered 
as a generalized disorder in which the normal pathways for glycogen, 
fat, and protein synthesis are interfered with. 


ENDOCRINE REGULATION OF CARBOHYDRATE METABOLISM 


Various endocrines exert a profound regulation at widely scattered 
sites in the metabolism of carbohydrate. This is illustrated in Figure 4. 

There are two factors of the pancreas exerting an effect on carbo- 
hydrate metabolism. The glycogenolytic factor, probably produced by 
the alpha cells, increases the rate of glycogenolysis in the liver and 
raises the blood sugar. Insulin, produced by the beta cells, is believed 
to act by combining with an intact cell and, in an as vet unknown 
fashion, accelerating the appearance of glucose phosphate. Whether the 
hormone works by affecting the permeability of the cell to glucose, or 
on the enzyme system concerned with phosphorylation, still remains to 
be shown. The effect of insulin can only be demonstrated with intact 
cells, and the earlier observations of its direct effect on the hexokinase 
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reaction, in an isolated system, has never been confirmed. The effects 
of insulin should not be thought of as being confined only to carbo- 
hydrate metabolism but as a stimulant to fat and protein synthesis as 
well. Of course, these actions may all be thoroughly interrelated at the 
cellular level. However, because it stimulates the synthesis of tissue, 
insulin may be regarded as an anabolic hormone. 

The secretion of insulin by the normal pancreas appears to be de- 
pendent on the level of blood sugar, with more being discharged the 
higher the blood glucose. However, in some animals, this mechanism 
seems fairly susceptible to exhaustion, and prolonged maintenance of the 
blood sugar at abnormally high levels is followed by irreversible injury 
to the islets and the subsequent development of a permanent diabetes.” 
This latter observation, however, still remains to be confirmed. 

The anterior pituitary contains a hormone, referred to in the chart 
as APH, which is not ACTH, and probably not purified growth hor- 
mone, and whose action is directly antagonistic to the action of insulin. 
It will combine with the intact cell and prevent the incorporation of 
glucose into the cell metabolism. Hyperactivity or hypoactivity of the 
pituitary will also exert effects through their regulating influence on the 
activity of the adrenal and thyroid glands. 

There are possibly four hormones of the adrenal gland which exert 
an effect on carbohydrate metabolism: 

1. It has been suspected by some that a direct insulin antagonist is 
secreted by the adrenal cortex, similar in its action to the anterior 
pituitary hormone, and referred to in Figure 4 as ACH. 

2. The Ci: steroids, of which cortisone is an example, accelerate glu- 
coneogenesis. This hormone inhibits new tissue formation. In this anti- 
anabolic effect, it diverts increased amounts of protein into carbohy- 
drate, resulting in hyperglycemia. It is this type of hormone which is 
produced in excess in Cushing’s syndrome. 

3. 11-desoxycorticosterone (DOCA), the electrolyte controlling 
hormone of the adrenal cortex, is important in maintaining normal in- 
testinal absorption of glucose. The Addisonian shows very poor ab- 
sorption of carbohydrate burt given salt and DOCA, his absorption is 
markedly improved." 


4. Finally, adrenalin of the adrenal medulla increases hepatic glyco- 
genolysis, in the well nourished individual, thus producing a transient 
hyperglycemia. 
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The thyroid hormone affects carbohydrate metabolism by increas- 
ing the rate of absorption across the intestinal mucosa, and by accelerat- 
ing the oxidative reactions within the cell, possibly at the level of the 
tricarboxylic acid cycle. In this latter fundamental action, all types of 
fuel stuff are mobilized. Glycogen is more rapidly broken down, and 
protein is diverted into increased gluconeogenesis. Hyperglycemia 
results. 

\ consideration of the hormonal effects on the metabolism of car- 
bohydrate leads to the development of two new concepts. ‘The first is 
a clinical differentiation between the diabetic syndrome and diabetes 
mellitus. lf we detine the diabetic syndrome as hyperglycemia with gly- 
cosuria associated with an abnormal carbohydrate tolerance, then dia- 
betes mellitus refers to only those cases exhibiting the diabetic syndrome 
in which the etiology is sull unknown. From the information presented 
we can expect to find a diabetic state existing in cases with acromegaly, 
Cushing's syndrome, chronic pancreatic insufficiency and by perth yroid- 
ismt, and after ACTH! and cortisone aduinistration. Vhese are not true 
cases of diabetes mellitus and can be restored to normal by alleviation of 
the underlying disease (if feasible), or by cessation of endocrine therapy. 
Diabetes mellitus should be reserved for those cases whose etiology 1s 
still obscure. The fact that insulin can control the disease does not mn 
any way prove that we are dealing in diabetes mellitus with a pure and 
simple pancreatic insulin insufficiency. Llowever, whatever the etiology 
and pathogenesis of diabetes mellitus in man, insulin is a therapeutic 
tool which can maintain a more normal carbohydrate metabolism in that 
disorder. It is becoming more and more apparent that there may w ell 
be aspects of diabetes mellitus which may not even arise from disturb- 
ances in carbohydrate metabolism and may not be controlled by insulin, 
and to which we must give increasing attention, 

\nother concept that has evolved, is that we should think in terms 
of hormonal balances existing about a reaction, rather than of the con- 
glucose into a cell 


5 


and its subsequent phosphorylation depends not only on insulin but on 


centration of a single hormone. If the entrance of 


the concentration of a pituitary and adrenal hormone as well, then the 
effect noted will represent the hormonal balance created by these three 


substances. Although we may correct the disturbance by the injection 


of one of the hormones, the abnormality may have been produced by 


a disturbance in any or all of the hormones involved. 
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Tue or rue Liver 


Any discussion of the regulation of carbohydrate metabolism in the 
normal organism must also take into consideration the important pe sition 
played by the liver in the maintenance of the blood sugar. Since the 


blood sugar represents an equilibrium between the amount of glucose 


delivered by the liver and the amount utilized by the tissues, it is clear 
that the liver must play an important role in the homeostasis of the blood 
sugar. When the blood sugar dips below normal, then the liver responds 
by increasing glucose liberation; and when hyperglycemia is produced 
through an influx of carbohydrate, the liver responds by avidly removing 
glucose and storing it as glycogen. Of course, endocrines play on these 
reactions but we must have an intact liver for their successful action. 

On this basis we may expect to, and do, find an abnormal carbo- 
hydrate tolerance in cirrhosis and acute hepatitis. In end stage liver dis- 
ease or acute vellow atrophy, the liver is so badly damaged that it cannot 
produce adequate amounts of glucose, and severe hypoglycemia becomes 
evident. 

Hyperglycemia as it occurs in the diabetic individual, has been shown 
by recent tracer studies to result not only from an inability to metabolize 
glucose, but also due to the liver’s inability to synthesize fatty acids from 
carbohydrate, and possibly other routes of over-production by the liver." 


‘Tur Parnocenrsts or Diaseric Conta 


When adequate amounts of carbohydrate are not available to meet 
the body’s requirements for energy, fat and protein must be consumed 
to an increasing extent. The protein demands when not counterbalanced 
by an appropriate intake, lead to tissue wasting; and the increased fat 
demands produce a depletion of the fat stores. The physiological and 
biochemical mecharisms involved in the rapid uclization of large amounts 
of fat cause the appearance of a ketosis, which when severe, leads to an 
extensive acidosis. Diabetic coma represents a violent metabolic disturb- 
ance of this nature, involving impairment of carbohydrate utilization 
along with excess fat and protein destruction. As a consequence, severe 
abnormalities in electrolyte physiology and water balance become mani- 
fest. The condition poses one of the most important threats to the health 
and survival of the diabetic. 

Before considering the details of its pathogenesis, we must review the 
mechanism of fat oxidation for energy purposes in the body. 
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PATHOGENESIS OF DIABETIC KETOSIS 
Step | 
Inhibition of carbohydrate metabolism —» Increased fat metabolism for energy —> 


Increased ketone production by liver —> Increased ketonemia —> 


Increased utilization of ketones by tissues 


ALKALI RESERVE FLUID BALANCE 


(+) INTRA 


Urine (glycosuria) +) 


Fig. 5 


Fatty acids, as you well know, are long chain carbon and hydrogen 
compounds with a C-O-O-H or carboxyl group at one end. Our con- 
cepts of their oxidation in the body has changed considerably over the 
years. The most recent viewpoint,'* which has confirmation from isotope 
studies," is that every alternate carbon atom is oxidized and the long 
molecule is then simultaneously split into small acetic-acid-like molecules. 
In the liver, in addition, there is a mechanism by which the acetate-like 
molecules condense in pairs to form ketone bodies like aceto-acetic acid. 
Phese ketone bodies then diffuse out of the liver, and are transported to 
the peripheral tissues where they enter the tricarboxylic acid cycle for 
degradation. 

From a physiological standpoint then, when the demands for fat 
oxidation are increased, fat is mobilized from the fat depots and trans- 
ported to the liver. The fatty acids are then split and condensed into 
ketones. The ketones are then distributed via the circulation to the 
tissues, where they liberate energy while being consumed in the tricar- 
boxylic acid cycle. In states of ketosis, more ketones are produced and 
utilized than under the more normal situation of adequate carbohydrate 
metabolism, and the ketosis results from the excess production of ketones 
by the liver and their transport to the peripheral tissues.'* 

Since diabetic coma represents a combined picture of disturbances 
in intermediary metabolism, acid-base balance, electrolytes, and water, a 


discussion of its pathogenesis must take into consideration these simul- 
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PATHOGENESIS OF DIABETIC KETOSIS 
Step 2 


Ketones exceed renal threshold —> ketonuria —> 


acidosis —> compensatory hyperventilation with 


Loss of fixed base 
dehydration (extra and intracellular) 


ALKALI RESERVE FLUID BALANCE 


EXTRA (++) 
Normal —> 


glycosuria 

kefonuria 

bose 
Fixed base (+) (#) 


Fig. 6 


taneously occurring aberrations. | have, for convenience sake, divided 
the pathogenesis of diabetic ketosis leading to coma and death into four 
steps or stages, 

In the first step, illustrated in Figure 5, a severe and protracted rel- 
ative or absolute deficiency of insulin in the diabetic, leads to an extensive 
inhibition of normal carbohydrate metabolism with an associated hyper- 
glycemia and glycosuria. As a result, we find that an increase in fat and 
protein metabolism occurs in order to meet the body’s energy demands. 
Because of the nature of fat oxidation, increased numbers of ketone 
bodies are produced by the liver. This leads to the appearance of a mild 


ketonemia and subsequent increased utilization of ketones by the tissues. 


The moderate elevation of ketones in the blood does not as yet present 
to the kidney tubules more ketones than can be reabsorbed. As a result, 
keronuria is sull not evident. 

The increased protein metabolism is manifested by tissue breakdown 
and a negative nitrogen balance. 

At this stage, the alkali reserve is diminished to only a slight extent, 
due entirely to the moderate amounts of blood ketones. The intracellular 
fluid space has diminished to a minor extent as a result of the increased 
tissue breakdown, and the extracellular space has also contracted slightly 
as a result of the osmotic diuretic action of the glycosuria. 
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\s the disease process continues the level of blood ketones rises suf- 
ficiently to produce ketonuria, and we enter the second phase of our 
unfolding picture. ‘This is illustrated in Figure 6. 

Phe ketonuria, at first, is balanced by increased production of hydro- 
gen and ammonium ions by the kidney tubule, so as to defend against 
loss of the plasma base. Hlowever, the acid metabolites soon exceed the 
kidneys’ ability to conserve the fixed base of the body and acidosis 
rapidly develops. Phe combination of large amounts of circulating 
ketone bodies, and increased urinary loss of plasma base both contribute 
to the rapidly falling alkali reserve. As the alkali reserve talls despite the 
kidneys’ defense efforts, hyperventilation becomes increasingly apparent. 
Phe hyperpnea represents a compensatory measure on the part of the 
patient to blow off circulating carbonic acid, and restore the blood pli 
toward normal. 

Dehydration, both intracellular and extracellular, has now assumed 
moderate proportions. The intracellular fluid loss resulting from tissue 
breakdown includes the main intracellular electrolytes, potassium and 
phosphate. The polyuria, resulting from the glycosuria, ketonuria, and 
the extra urinary salts, produces a contraction of the extracellular space 
in spite of the added amounts of fluids derived from the tissue break- 
down. Furthermore, the hyperpnea present is now adding to the fluid 
loss by significantly increasing the loss of water in the expired air. 

Phe patient’s disease process now begins to accelerate since the lower- 
ing of the pH] of the body fluids significantly inhibits whatever insulin 
may still be active, and makes his tissues more resistant to exogenously 
administered insulin.'* ‘Vhis inhibiting effect of acidosis on insulin action 
probably explains why patients in severe diabetic acidosis seem almost 
to be ina state of obligatory far metabolism, and that large doses of 
insulin are often necessary to break through this phenomenon and start 
the ball of “carbohydrate metabolism” rolling again. 

As serious acidosis develops, vomiting usually manifests itself, and 
we now enter the third stage, as illustrated in Figure 7. 

By this time, the alkali reserve is down to about a third of normal, 
due to organic acid retention and protracted fixed base loss. Although 
the intracellular fluid and its electrolytes have been moderately severely 
depleted as a result of the continuous tissue catabolism, the vomiting 
now causes a sharp reduction in a previously embarrassed extracellular 
compartment. Extensive dehydration, hemoconcentration, diminished 


Current Concepts of Diabetes 


PATHOGENESIS OF DIABETIC KETOSIS 
Step 3 


Acidosis —> Vomiting —» Chloride and extra cellular fluid loss —» 
Increased dehydration and hemoconcentration 


ALKALI RESERVE FLUID BALANCE 
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Normal —>[ Organic 
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Fined base (tt) 


circulating blood volume, lowered blood pressure and shock become 
increasingly evident and precipitate renal failure. The patient now enters 
the last stage of the disorder as illustrated in Figure &. 


When the kidneys fail, the last vestiges of defense against acidosis, 


save Kussmaul breathing, are lost. The oliguria or anuria leads to a rapid 


increase in the accumulating organic acids, and whatever alkali reserve 
was left is rapidly dissipated. The pH] continues to fall, reaching values 
of 7.0 or less. Although the drains on the extracellular compartment 
have diminished with the renal failure, the intracellular compartment 
now 1s undergoing an accelerated rate of shrinkage due, not only to 
tissue catabolism, but to a shift of fluid in order to maintain an effective 
circulating volume. The picture now is one of very extensive intra- and 
extracellular dehydration. ‘The factors responsible for and involved in 
this violent metabolic disturbance now lead to tissue anoxia. Cerebral 


oxygen consumption diminishes,'* coma appears, and death is nor far 


behind. 


SumMMARY oF DisrurBANCES IN DiaBetic Aciposis 
The patient who is admitted to the hospital in diabetic acidosis thus 
presents the following alterations in physiology: 
1. His blood sugar is abnormally elevated. 
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PATHOGENESIS OF DIABETIC KETOSIS 
Step 4 


Severe hemoconcentration and dehydration —> renal failure —> 


Retention of ketones and loss of base saving powers —> 


Severe acidosis —» death 
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2. His hepatic glycogen and tissue glycogen reserves are depleted, 


and in spite of hyperglycemia, his total body carbohydrate is depleted. 

3. He has abnormally high levels of ketones in his blood. 

4. His blood pH is very low, and his alkali reserve has been depleted. 

s. Ele has marked extracellular and intracellular dehydration. 

6. The total salinity of his body is considerably reduced. 

7. His body potassium, phosphate, and probably magnesium content 
are reduced but because of extracellular dehydration and concentration, 
the serum levels of these constituents may be and are usually abnormally 
high. 

8. He exhibits a moderate elevation of NPN and other metabolites. 

g. He may have a considerable lipemia since fat is constantly being 
mobilized from the fat depots for energy purposes. 


Tuerary or Dianeric Acipostis 


What should a rational therapy of diabetic acidosis, based on these 
aberrations in normal physiology, consist of? I present the following 
views not as a diabetic specialist, but as an observer attempting to evalu- 
ate on the basis of the data available today, the needs and faults in our 
management of this situation, We are, | am sure, all agreed that the man- 
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agement of each case should wot be routinized, but individualized in 
relation to our evaluation of the needs of each patient. 

Let us consider the usual present day therapy of diabetic acidosis 
and what it accomplishes in relation to some of the disturbances we have 
outlined above. The common therapeutic tools employed by the prac- 
tinoner include insulin, glucose, sodium chloride and water, and have 
markedly reduced the mortality from diabetic ketosis. 

Insulin is of primary or paramount importance, regardless of whether 
the original disturbance is a relative or absolute lack of insulin, and 1s 
capable, when used appropriately, to set in motion the normal physio- 
logical consumption of carbohydrate, and to cut down on the demands 
for fat and protein consumption, Furthermore, it has recently been 
demonstrated that carbohydrate, by supplying the necessary precursors, 
is capable of turning the metabolic wheel of the tricarboxylic acid cycle 
more rapidly, and allows for a more rapid utilization of ketones.” ‘Thus, 
there is some evidence again that “fat burns better in the flame of carbo- 
hydrate.” 

Salt and water are used not only to make up the losses of these ele- 
ments but have the important function of rapidly overcoming the renal 
failure, which if left uncontrolled will shortly lead to devastating results. 

Carbohydrate, when properly used, is capable of replacing the losses 
of tissue glycogen, and preventing the appearance of hypoglycemic 
episodes when adequate insulin action has been established. 

What does this routine therapy accomplish in terms of each of the 
physiological disturbances previously described? 

The elevated blood sugar is, of course, lowered by insulin action, 
but glucose administration will have the opposite effect. Since the in- 
sulin effect on the blood sugar is delayed in severe diabetic acidosis, and 
with a lag period of about one hour before glycogen is deposited in the 
tissues,*! immediate carbohydrate therapy will raise the blood sugar well 
above the levels present on admission, 

Insulin and glucose both are useful in restoring toward normal the 
depleted glycogen reserves, and the elevated blood ketone levels. 

Improvement of the low blood pH is accomplished by substitution 
of carbohydrate for fat oxidation, as enhanced by insulin, and glucose 
administration; and by restoration of the kidneys’ active participation 


in the defense against acidosis. The latter is usually brought about by 
adequate amounts of salt and water. 
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Extracellular dehydration is combated by the saline infusions. The 
alleviation of the ketosis by insulin aids in this process. Glucose admin- 
istration can either be helpful or harmful in this respect depending on 
the time of administration. 

If glucose is given too early in the course of therapy so as to increase 
the hyperglycemia, it will result in an increased glycosuria with a con- 
comitant water loss. On the other hand, when glucose is given after the 
blood sugar level is falling, its ameliorating effect on the ketosis, as well 
as Its Own osmotic action, will improve the hydration of the extra- 
cellular space. 

The intracellular dehydration is combated by the anabolic effects 
of insulin, and the availability of extra increments of salt and water. 
Although sodium chloride is not the electrolyte of choice for intra- 
cellular fluid, sodium can nevertheless be used for this purpose to a 
limited extent. 

The osmotic effect of infused glucose, on the other hand, tends to 
drag fluid from the intracellular compartment into the extracellular 
space and may aggravate the intracellular dehydration. 

One need not be reminded that the patient in diabetic Coma is in a 
precarious state of fluid balance, and may not be able to withstand any 
further dehydration. If we give carbohydrate before insulin, and salt, 
and fluids have had a chance to produce a significant effect, then we 
may, by raising the blood sugar, aggravate the hazardous state of fluid 
balance and do the patient more harm than good. Though it would 
seem desirable to give carbohydrate, there are no advantages to its early 
administration. It would seem reasonable, when used, to delay its routine 
administration for a period of two to four hours following the onset of 
insulin, sale and water therapy. 

The depleted sodium and chloride stores of the body are readily 
restored by the saline infusions. The amounts of sodium chloride used 
in therapy have been shown to be far in excess of the amounts lost in 
the disease process. 

On the other hand, the sigwificant urinary losses of potassium and 
phosphate have received relatively little consideration in the past. In 
recent years, potassium metabolism has undergone extensive study, due 
primarily to the advent of the flame photometer. This instrument, which 
has remarkably simplified potassium analyses, has allowed us to obtain 
information of considerable clinical significance. Besides being the main 
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cellular cation, potassium is exceedingly important in the transmission 
of nervous impulses and in muscle strength. When the body fluid lev els 
of potassium are abnormally elevated or depressed, abnormalities in these 
functions may become manifest. We now clinically distinguish a high 
potassium and low potassium syndrome. The earliest manifestations of 
the high potassium syndrome are characterized by high serum potas- 
sium levels, and an abnormal clectrocardiogram. If progressive, muscular 
paralysis and cardiac arrest may appear.** The low potassium syndrome 
is characterized by a low serum potassium, an abnormal clectrocardio- 


gram, and when progressive, autonomic nervous system disturbances 


and muscle weakness, followed by paralysis.°* The EKG is a most sen- 


sitive clinical tool for gauging the potassium state of the extracellular 
fluid. In severe potassium deficiency, the T waves are depressed, broaden 

out and prolong the OT interval. In potassium excess, the T waves are 

tall and spiking. With very high potassium levels, the QRS complex 

broadens out, the P wave disappears and cardiac arrest follows. 

In spite of the urinary losses of potassium in diabetic acidosis, the 
patient enters the hospital with an elevated serum potassium, due pri- 
marily to the severe hemoconcentration and renal failure.’ The low 
potassium syndrome which we now recognize as occurring not infre- 
quently in patients with diabetic acidosis,” and which may be fatal by 
producing a respiratory muscle paralysis, results only from our treat- 
ment of the acidosis. It does not exist at the time of admission to the 
hospital, and potassium therapy at that time is not indicated, since we 
have renal failure and high serum potassium levels. 

With the advent of ketosis therapy, the serum potassium begins to 
fall. This is primarily due to the rapid mobilization of potassium into 
areas of accelerated glycogen deposition (e.g., the liver) under the in- 
fluence of carbohydrate and insulin therapy. The saline infusions by 
restoring the plasma volume further dilute this falling potassium level. 
Serious potassium deficiency may now occur, especially in those patients 
who continue to vomit or who for other reasons cannot soon be placed 
on small oral feedings (which commonly contain adequate amounts of 
potassium). These patients deserve potassium therapy. 

The serum inorganic phosphate 1s also usually high in patients with 
diabetic coma, though the tissues are depleted of the glucose phosphate 
and other organic phosphates so necessary for normal cellular meta- 


bolism.’* The factors responsible for the high serum phosphorus are 
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sunilar to the ones described for potassium. And as with potassium, and 
for essentially similar reasons, the administration of insulin and carbo- 
hydrate rapidly mobilizes the serum phosphate into the tissues. The 
serum phosphorus may fall to one-third or one-sixth of normal. How- 
ever, as yet, no clinical manifestations of serum phosphate deficiency 
have been described and therefore, relatively little attention has been 
given to its usefulness as an adjunct to treatment. On purely theoretical 
grounds, it weuld appear that phosphate supplementation may be useful 
in speeding the recovery of some cases. Although there have been some 
reports in this direction," further study is indicated. 

[am purposely omitting any discussion of the use of alkali, blood 
and plasma. Its usefulness under select circumstances, | believe, is w ell 
appreciated. 

Not enough data have accumulated about magnesium metabolism 
for us to discuss it at this time. It is quite likely that this important intra- 
cellular cation has its metabolism disturbed in diabetic acidosis, and it is 
for the future to work our the details. 


Dianeres AND VascuLar Disease 


My concluding remarks will deal with the relation of diabetes to 
vascular disease. The susceptibility of the diabetic to vascular disease is 
so great, that the latter has become the most important problem in the 
care of the diabetic patient today. 

However, we still do not truthfully know the answer to two simple 
questions. First, are these vascular phenomena a complication of diabetes, 
or is there some common etiological mechanism which produces both 
diabetes and accelerated vascular damage, the extent of each being de- 
termined by individual host factors? 

Secondly, does adequate control of the derangement in carbohydrate 
metabolism in the diabetic, prevent or delay the progress of these vascu- 
lar phenomena? 

The importance of posing these questions,** however, has been to 
shatter the inertia and sense of security created by the brilliant observa- 
tions that a depancreatized animal develops diabetes, and that potent 


insulin extracts control the glycosuria and hyperglycemia. We now real- 


ize that there is much more to the story, and the problem of the diabetic 
patient must now once again be taken back to the laboratory for further 
study. 
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Some advances in our understanding of these vascular phenomena 
have, of course, taken place. We now recognize that what we formerly 
grouped together under degenerative vascular disease, ¢.g., retinopathy, 
Kimmelstiel-Wilson’s disease, atherosclerosis and medial sclerosis must 
be individually considered since they may not all be degenerative, and 
their pathogenesis quite distinct. Thus, diabetic retinopathy is consid- 
ered to be a capillary disease involving the formation of many micro- 
aneurysms with waxy exudates occurring around them.” Kimmelstiel- 
Wilson’s disease is now believed by some to be similar to the retinopathy 
in many respects, in that it represents primary capillary damage, with 
dilatation, and subsequent hyaline deposition in the inter-capillary con- 
nective tissues of the glomerulus. 

Medial sclerosis refers to a hardening process due to calcification of 
the media of vessels which have lost their elasticity. It does not involve 
the calibre of the lumen, unless it is complicated by other processes. 
Atherosclerosis, on the other hand, refers to deposits in the intima of 
vessels, which impinge on the vascular channel, and lead to a narrowing 
or obliteration of the lumen. It is a serious disease because it is occlusive 
in nature, and often affects the nutrient vessels of vitally important 
organs. The basic lesion involved in atherosclerosis is the infiltration of 
lipids into the intima, a process quite distinct from the pathogenesis of 
medial sclerosis. 

Thus, although the diabetic is prone to develop all these vascular 
phenomena, the factors concerned in each and their ultimate manage- 
ment may be different. 

The secrets of the pathogenesis of atherosclerosis are now coming 
under heavy attack and information which may unravel this mystery is 
pouring in.*’ It would appear at the moment, that the concept of athero- 
sclerosis as a degenerative disease has been discarded, and that a meta- 
bolic state, whose effects are cumulative and slowly progressive, has 
been implicated. Two important pieces of information have been added 
in recent years. The first, is that the plasma lipids normally stream or 
filter through the endothelium into the interstices of vessel wv alls.*" 
There, they are probably removed by the lymphatics or vasa vasorum. 
Under certain situations, they may leave behind them a fatty sludge 
which forms the basis of the intimal plaque. 

The second important observation is that the plasma levels of lipids 


are inadequate for expressing the true physical nature of the lipid mole- 


¢ 
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cules in the circulation. Phospholipids, for example, are capable of solu- 
bilizing and stabilizing the cholesterol and neutral fat of the plasma.** * 
The physical state of these lipid molecules in piasma will then In part 
depend on the phospholipid concentration, Furthermore, it has been 
demonstrated that in experimental and human atherosclerosis, and in 
diseases like diabetes (which predispose to atherosclerosis), there is an 
unusually high abundance of large cholesterol aggregates, although the 
total cholesterol values may be similar to normals of the same age 
group."' There is reason to suspect that it is these same large lipoprotein 
molecules which find difficulty in traversing the vessel wall and form the 
atheromatous lesion. 

If these observations on the pathogenesis of atherosclerosis are proven 
correct, then the relation of this disease process to diabetes may come 
into sharper focus. 

Ihe considerations | have reviewed here lead me to conclude that 
the physician who treats diabetes must begin to broaden his viewpoint 
so as to include the dynamic aspects of cellular activity, and to view the 
disorder as a total disturbance in metabolism rather than to limit his 
thoughts to one aspect. [lyperglycemia and glycosuria represent but one 
manifestation of this complex problem. 
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PATHOLOGICAL PHYSIOLOGY 
OF HEMORRHAGIC CONDITIONS* 


J. Quick 


M 


rhage depends on a fibrin clot functioning as a plug and 


c seseseseseSiy widely accepted concept that the control of hemor- 
w 
fu 
w 


: that abnormal bleeding occurs when clotting 1s delayed 
is not only misleading, but has done much to hinder the 
progress in solving the problem of hemostasis. When 
simple means were found to determine the prothrombin of the blood 
quantitatively and it was shown that the dreaded postoperative bleeding 
often observed in patients with obstructive jaundice was due to a dimin- 
ished concentration of prothrombin, an important but relatively new 
idea was introduced — namely, that a bleeding tendency results when 
an essential clotting factor, such as prothrombin, is quanutatively dimin- 
ished. It was quickly recognized that the degree of reduction of the 
prothrombin level was a far better indicator of the bleeding tendency 
than the clotting time. As the result of the development of the one-and 
two-stage methods for determining prothrombin, together with the im- 
petus that came first from the discovery of vitamin Ko by Dam and 
later from the isolation of Dicumarol from spoiled sweet clover hay by 
Link, and its introduction into therapy, the field of the hypoprothrom- 
binemias was developed with incredible rapidity. 

When attempts were made te extend studies on coagulation beyond 
prothrombin, an unpasse was quickly encountered, because it was not 
known with certainty what the other basic clotting factors were or how 
they could be determined quantitatively. The theory of Morawitz, 
which stated that thrombin is formed by the activation of prothrombin 
through the action of calcium and thromboplastin, was shown to be 
inadequate for explaming a number of new experimental observations, 
particularly the finding! that a new and hitherto unrecognized factor 


was equally as essential as the original three accepted agents. The new 
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principle, which the writer designated “labile factor” and which Owren,” 
who discovered the same factor independently a year later named “Fac- 
tor V." was shown to be normal in hemophilia and thrombocytopenic 
purpura. This made it evident that the labile factor was not a part of 
the agent or complex which is designated “thrombokinase” in the theory 
of Morawitz. 

Perhaps nothing impeded progress in the study of blood clotting 
more than lack of knowledge concerning thrombokinase, or thrombo- 
plastin. Its origin in blood remained a subject of controversy. One group 
of workers postulated that it was liberated from ruptured platelets, while 
another group maintained that it was a plasma constituent that required 
a wettable surface for its activation. In 1947 it was established that while 
platelets do not contain thromboplastin, their absence in plasma results 
ina marked lack of prothrombin conversion when such plasma clots.* 
It was further observed that hemophilic blood exhibits a similar defec- 
tive consumption of prothrombin but this persists even when normal 
platelets are supplied. This pointed to the obvious conclusion that throm- 
boplastin is the resultant of two factors — one residing in the platelets, 
the other in the plasma. In hemophilia the lack of thromboplastin ts 
caused by a deficiency of the plasma constituent which has been desig- 
nated as “thromboplastinogen” and probably corresponds to the anti- 
hemophilic globulin of Minot, Taylor and their associates. 

Recently it was observed that when blood clotted in a container 
with a non-wettable wall, little prothrombin is consumed, even if a 
potent extract of platelets is added.’ If, however, platelet-poor plasma 
is first brought in contact with a glass surface, then returned to a test 
tube coated with a non-wetting material and platelet extract added, the 
prothrombin consumption is normal. Clearly, the plasma factor requires 
contact with glass to be activated, i.e., to become reactive to the platelet 
factor to form thromboplastin. In seeking the nature of the influence of 
the glass surface in this reaction, the observation that thrombin is ad- 


sorbed to foreign or wettable surfaces furnished the clue. It seemed logi- 


cal to postulate that the adsorbed thrombin catalyzes the conversion of 
inactive thromboplastinogen to the reactive state. The soundness of this 
theory is supported by the finding that if thrombin is added to a mixture 
of plasma and platelet extract, normal prothrombin consumption occurs, 
even when the clotting is carried out in a test tube coated with a surface 


such as silicone. 
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On the basis of these observations, one may postulate that the follow- 


ing series of reactions occur in the clotting of blood: 


‘Thromboplastinogen thrombin thromboplastinogen (activated ) 
Hl. Thromboplastinogen a platelet factor thromboplastin 
IH. ‘Thromboplastin + labile factor + Ca + prothrombin = thrombin 
IV. Fibrinogen thrombin fibrin 


\ Fibrin + thrombin = Fibrin — thrombin (adsorption ) 


It is to be observed that thrombin is presumably the only agent in 
these reactions which acts catalytically. There is much evidence that 
thrombin is intimately associated with the lysis of platelets. While there 
are reported studies demonstrating a direct action of thrombin on plate- 
lets, it is more likely in the light of these new findings that the lytic 
action on platelets is mediated through the activated thromboplastino- 
gen. Irrespective of the actual mechanism, the formation of thrombin 
initiates a chain reaction in which the platelets are an integral part. The 
most important inhibitor which controls the chain reaction is fibrin, 
which removes thrombin presumably by adsorption. 

\ccording to the theory which has been outlined, five primary 
agents are required for the formation of thrombin. They are the platelet 
factor, thromboplastinogen, calcium, labile factor, and prothrombin, 
The first two are the thromboplastin factors; and when either one ts 
deficient, poor consumption of prothrombin results. The latter three 
constitute the prothrombin complex. prolonged prothrombin tme 
shows a deficiency of either prothrombin or of labile factor. Since a 
reduction of the latter is exceedingly rare, an abnormal prothrombin 
time is almost always due solely to a change in the prothrombin level. 
It is convenient to divide the hemorrhagic diseases due to coagulation 
dysfunction into two large classes: the hypothrombeplastinemias and 
the hypoprothrombinenuas. By means of two sunple tests, the prothrom- 
bin time and the prothrombin consumption ume, a bleeding condition 
is readily diagnosed and classified. The common denominator in nearly 
all the hemorrhagic conditions is a diminished production of thrombin. 

\ brief review of the various means available to the organism to 
effect stanching clearly shows why thrombin occupies a central position 
in the hemostatic mechanism. A lacerated blood vessel may be sealed by 
a fibrin clot, a platelet thrombus or by the stickiness of irritated endothe- 
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HEMOSTASIS 


Injury 


2 Keliex contract 


a. Narrowing of the lumen 


b Decrease of blood flow 


3 Gluing effect of 4 Platelet thrombus formation 
injured endothelium hemostatique) 
Liberation of a diffusible vaso- 


const rictor principle from platelets 


p— 
5 Fibrin clot 
Continued liberation of 
vasoconst rictor principle 


Fig. 1--Probable steps in hemostasis. Steps 2 and 3 are 
primitive and do not require the formation of thrombin 
The arrows in steps + and 5 indicate the diffusion of the 
agent 


vasoconstrictor 


lum (Fig. 1). If the bleeding is from an artery or arteriole, none of 


these means is apt to be effective unless there is a Concomitant contrac- 


tion of the vessel because the blood pressure will not permit the seal to 


become fixed. An immediate spasm usually occurs when a vessel ts 


injured, Although its duration is unpredictable, a permanent closure of 


the vessel is often effected during this period ina normal individual. A 


later but more sustained contraction is brought about by a diffusible 


vasoconstrictor agent which 1s produced as the result of platelet disinte- 


gration. The primary spasm and the gluing effect resulting when endo- 


thelium is pressed together are primitive reactions that are independent 


of the clotting of blood. In higher forms of life, these two mechanisms 


appear to be adequate to control bleeding trom capillaries and possibly 


venules. For arterial bleeding, the other mechanisms have to be utilized 


and all these depend on the fermation of thrombin, With this as a guide, 
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one can critically examine the hemostatic dysfunction in the three prin- 
cipal bleeding diseases: hemophilia, thrombocytopenia, and hypopro- 
thrombinemia. 


HEMOPHILIA 


The characteristic findings in severe hemophilia are a prolonged 
clotting time, normal bleeding and prothrombin times, a seemingly un- 
due stability of the platelets and an extremely poor consumption of 
prothrombin. The latter is not corrected by the addition of an extract 
of normal platelets, but is improved by mixing hemophilic blood with 
normal plasma. This clearly shows that the basic defect in hemophilia 
can be accounted for by a deficiency of a plasma constituent, which has 
been designated thromboplastinogen. The lack of this factor adequately 
explains both the common clinical and laboratory observations. 

Due to the deficiency of thromboplastinogen, little thrombin can be 
formed irrespective of the excess of the other clotting factors. The 
minute amount of thrombin that is produced causes the formation of a 
tiny web of fibrin which immediately adsorbs whatever thrombin there 
is, and thereby inactivates it. As a result the chain reaction cannot be 
initiated. The platelets therefore remain intact; they fail to agglutinate 
to form the hemostatic plug which the French call the “clou hemosta- 
tique.” Furthermore they fail to liberate the clotting factor as well as 
the vasoconstrictor agent. Because the chain reaction ts blocked, the for- 
mation of the fibrin clot is markedly delayed. Thus, the lack of throm- 
bin actually brings about a triple dysfunction in the hemostatic mecha- 
nism. 

The primitive hemostatic responses are preserved in hemophilia. 
Thus, a reflex vascular constriction of injured vessels occurs as in a 
normal individual. It is often observed that when a hemophiliac has a 
tooth extracted, no serious bleeding occurs for several hours, presum- 
ably because the severed artery undergoes constriction. In a normal sub- 
ject permanent closure of the vessel takes place during this period, but 
this fails to happen in hemophilia. Therefore when the constricted 
vessel relaxes, bleeding resumes. The normal bleeding time in hemophilia 
can be explained by the gluing effect of injured endothelium. This 
mechanism very likely plays an important part in controlling capillary 
bleeding, but it is conceivable that mechanical pressure over a bleeding 
area may compress even larger vessels and thus glue together the walls. 
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This explains why pressure is valuable in the local control of bleeding 
especially when combined with cold which slows the circulation and 


contracts the vessels. 
Although the bleeding tendency in hemophilia is due to a basic 


deficiency, the actual bleeding is brought about either by trauma or by 


a superimposed dysfunction of the vascular system. Probably the most 


serious complication 1s an increase in capillary permeability which pro- 


duces a purpuric type of bleeding, thereby accentuating the primary 


defect. One of the most promising approaches to the therapy of hemo- 


philia is guarding the patient against these secondary disturbances of 


hemostasis. 


LHROATBOCY TOPENIC PURPURA 


Phe hemorrhagic tendency in thrombocytopenia remained an enigma 


until recently, because the clotting time ts rarely prolonged, im fact ts 


often decreased. By means of the prothrombin consumption time it was 


established that in this disease little prothrombin is changed to thrombin. 
Phe basic defect is the lack of the platelet factor that reacts with 


thromboplastinogen to form thromboplastin. Thus, thrombocytopenia 


and hemophilia have in common the defective production of thrombin. 


Besides the coagulation defect, there is usually present a poorly 


defined factor which appears to affect the vascular system, particularly 


the peripheral capillaries. It is probable that the petechiae are caused by 


this agent which may perhaps be entirely independent of the platelets. 


It is well known that petechiae may occur even when the platelets are 


normal in number and quality. Likewise, petechiae may be absent despite 


an exceedingly low platelet count over a long period of time. It seems 


reasonable to conclude that both the positive tourniquet test and the 


prolonged bleeding me are manifestations of an abnormal response of 


the capillaries to injury, and that this dysfunction is independent of the 


clotting reactions. 


Although there are recent observations suggesting that a transfusion 
of blood rich in platelets may have a beneficial effect in thrombocyto- 
penic purpura,” It ts generally found that acute purpura shows little res- 


ponse to an ordinary transfusion of blood either in a sustained elevation 
of the platelet count or in the amelioration of the bleeding. In both the 


acute and chronic types of purpura, it is commonly observed that not 


only are the platelets numerically reduced but they also are often quali 
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tatively deficient as tested by the prothrombin consumption test. By 
means of this test it has been found further that in certain conditions 
such as leukemia the platelets, although normal in number, may sometimes 
be devoid of clotting activity. The term thrombasthenta, which has 
heretofore been rather meaningless night aptly be applied to the con- 
dition in which platelets fail to bring about prothrombin consumption 
when the other essential factors are normal. 


POPROTHROMBINEMIA 


When the concentration of prothrombin of the blood ts decreased, 
the potential production of thrombin is reduced and this becomes the 
immediate cause of the bleeding tendency. Since the common factor in 
both hemophilia and hypoprothrombinemia is lack of thrombin, it is 
easy to understand why the clinical picture of the two diseases is similar, 
and why some therapeutic means such as local treatment apply to both 
conditions. 

The discovery of vitamin Ko made it possible not only to obtain a 
comprehensive knowledge concerning the synthesis of prothrombin 
but also a rational approach to therapy. Both from direct and indirect 
experimental observations, it can be concluded that vitamin K does not 
become part of the prothrombin molecules, but thar it is required for 
the mechanism responsible for the synthesis of prothrombin, One can 
postulate that the enzyme which effects this synthesis is composed of 
two components, the apoenzyme (FE) and the prosthetic group which 
is either vitamin K itself or a part of its molecule. One can represent the 
synthesizing enzyme or holoenzyme as AK. 

In pure vitamin K deficiency such as in the hemorrhagic disease of 
the newborn or in cholemic bleeding, the store of the apoenzyme is 
adequate. Therefore a minute dose of vitamin Kk (as small as 1 micro- 
gram per kilo of body weight) promptly restores the prothrombin level 
to normal and maintains it unchanged for 24 hours or more. 

The hypothesis of a synthesizing enzyme explains the action of a 
drug such as Dicumarol. This compound appears to act as a true antivita- 
min. It displaces the vitamin kK moiety and produces a non-functioning 
complex. One may illustrate the reaction as follows: 


DED] hk 


lo replace the kK fraction of the enzyme, relatively large doses of Dicu- 
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marol must be given. The more “EK is converted to A®‘D, the more 
pronounced is the hypoprothrombinemia. To counteract the effect of 


Dicumarol, a large quantity of vitamin K must be administered. The 


purpose is to reverse the reaction and resynthesize AK. The natural 


vitamin K is found more effective than the simpler synthetic compounds, 


such as 2-methyl 1,4-naphthoquinone, probably because it has a greater 


afhnity for the apoenzyme. 


The third type of hypoprothrombinemia 1s characterized by being 


completely refractory to vitamin kK. One may postulate that in this type 


there 1s a lack of the apoenzyme or of a factor required to combine the 


apocnzyine with vitamin Kk. The congenital types of hypoprothrombin- 


emias are representative of this third class. In hepatic disease, likewise, a 


hypoprothrombinemna resistant to vitamin Kis frequently encountered. 


A hemorrhagic disease may result from a deficiency of labile factor. 


Owren® has reported one case, in which the defect is presumably con- 


genital. Several additional cases have since been reported but in some the 


data on which the diagnosis is based may require re-evaluation, In severe 


hepatic damage both the prothrombin and the labile factor are decreased, 


and vitamin Kk is ineffective in correcting cither one. 


APIBRINOGENEMIA 


\bout a dozen cases of congenital afibrinogenemia have been re- 


ported. Strikingly, these cases may have a very mild bleeding tendency 


even though their blood is entirely incoagulable. If the fibrin plug were 


the basic means to cause stanching, these patients would present the 


most serious type of bleeding tendency. Actually they are generally 


nuld bleeders, probably because they can produce thrombin in normal 


amounts and can therefore form and utilize the platelet plug and obtain 


from these cells the vasoconstrictor principle. 


In summary, the basic defect in three of the principal hemorrhagic 


diseases is a deficiency of an essential clotting factor. In hemophilia it ts 


thromboplastinogen; in thrombocytopenic purpura, a platelet factor; 


and in hy poprothrombinemia, prothrombin. All have in common a de 


fective production of thrombin. By means of the prothrombin time and 


the prothrombin consumption time, the specific deficiency can be quanti- 


tatively estimated. This permits grading the severity of the bleeding 


condition and furnishes a guide in the evaluation of therapy. 
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INTRODUCTION 


MseseseseSeseWn re of my earliest recollections of ophthalmology was that 


4) attractive little book with its green cover by Charles H. 
O i May, the British edition of which was published under 
a the joint authorship of May and Worth. It was from 
a that book that I learned my basic ophthalmology. Not 


that I ever stopped to think who Drs. May and Worth were, nor did 


it ever occur to me to enquire. The latter, however, later became known 


to me (although not personally) because of his work on strabismus, but 


it was not unul about a year ago that I discovered who Dr. May was, 


when L was asked by the British publishers, Messrs. Bailhere, Tindall and 


Cox, to re-edit the British edition of May and Worth’s Ophthalmology. 


When I asked one of the directors of the firm to tell me something 


about Dr. May, he said, “He was an amazing man, with an infectious 


enthusiasm and terrific energy, who travelled all over the world and had 


friends in the medical profession in every country. And,” he added, 


“unlike so many doctors, he was an able business man.” 


There is no doubt that Charles H. May was a man of exceptional 


ability. There are not many men who finished up, as he did, top of his 


class at school, and so went to a college of Pharmacy to fill up time and 


graded head of his class at the age of eighteen years with a Gold Medal. 


Nor are there many like him who graduated at Columbia University at 


the age of twenty-two. 


Ile commenced trav elling abroad at the age of twenty-seven and 


spent some time in Germany with Dr. Graefe, Dr. Schwartze, and Dr. 
I 


Von Helmholtz. Ile also studied in Vienna with Professor Fuchs, and 


I am glad to say that before returning to the United States he called 
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in to London and spent some time at Moorfields Eye Hospital. 

His hospital appointments were of the highest order. [| will not 
enumerate them for they are all recorded in detail elsewhere. You are 
all familiar, too, with the May ophthalmoscope which he invented and 
with his famous text book of ophthalmology, which ran into eighteen 
editions, and which ts now so ably edited by his nephew, Dr. Perera,’ 
in this country. 

The fact that his hobbies consisted of smoking cigars, playing bridge 
and reading detective stories is interesting and informative, especially 
the latter, for what is the diagnosis of a difficult clinical case other than 
a detective problem? But what is of more interest and value to us today 
is the fact that Dr. May was essentially a good doctor in every sense 
of the word, who laboured for many years in the interest of his fellow 
creatures. He had that sympathetic understanding of human nature 
that meant so much to his patients, being reassuring, sympathetic and 
yet firm. Indeed no one who sought his help was turned away, and 
like all great men, his kind and generous deeds were hidden—even 
patients with a hopeless prognosis were given a feeling of courage by 
his words, 

In these days of high power scientific research, there is a tendency 
to underestimate the value of good simple honest doctoring, and it 1s 
the example set up by such men as Charles H1. May that we should 
endeavor to follow. By all means, let us progress in the field of scientific 
research, but do not let us forget the importance of human kindness 
and understanding. As \Watson-Jones* aptly stated in an editorial of the 
“Journal of Bone and Jomr Surgery.” 1949, “There is some danger 
that in the development of a science there may have been neglect of 
the art. Some doctors in accumulating a welter of laboratory reports 
are almost ready to ignore the symptoms of which their patient com- 
plains, placing absolute reliance on pathological investigations and 
scientific data without the tempering of clinical judgment and common 
sense... striving to be scientists at the cost of forgetting to be 
doctors.” 

\lthough | do not know that Dr. Charles Hl. May was more in- 
terested in the subject of strabismus than in other ophthalmological 
subjects, in view of his association with Claude Worth, it is perhaps 
not inappropriate that [ should talk to you today on the subject of the 
“Orthoptic and Surgical Treatment of Non-Paralytic Strabismus.” 


| 
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No case of non-paralytic strabismus can be pronounced as “cured” 
unless the visual axes of the two eves are pointing in the same direction 
in all circumstances, and unless the binocular functions are normal im 
all respects. In infants too young for refined methods of examination, 
we cannot be sure of the exact state of binocular vision, but we can 
at least help to lay the foundations of normal binocularity by surgical 
alignment of the visual axes when indicated. In order to cure a case of 
strabismus we have three weapons at our disposal: 

1. Optical treatment, ie. the correction of refractive errors. 

2. Orthoptic treatment, including occlusion, 1.¢., remedial measures 
to educate and or restore normal binocular function. 

3. Surgical treatment, Le... operation upon the extrinsic ocular 
muscles to align the visual axes in their normal directions. 

These three methods are not alternatives, nor are they mutually ex- 
clusive. Correct treatment may involve one or two of the methods, or 
all three, depending upon the nature of the case. 

If a case of unilateral convergent strabismus is left: untreated in 
infancy, two complications may occur which may be dithcult to eradi- 
cate at a later date—these are amblyopia and abnormal retinal corres- 
pondence. The earlier the onset of the strabismus, the more likely 
these factors are to exist. In this connection, it should be realized that 
a child with a squint is never too young for some form of treatment 
or advice. Admittedly, an infant may be too young for certain forms of 
treatment. ¢.g., orthoptc, but it is seldom too young for other methods 
of therapy, and it is never too young for examination and for advice 
to be given to the parents with regard to the planning of subsequent 


treatment. 
PREATAIENT OF CONVERGENT STRABISAICS 


Let us consider some practical points with regard to these methods 


of therapy as applied to infants who develop a squint during the first 


year or two of life, for since strabismus 1s essentially a problem of in 
faney, we must adapt our methods of therapy accordingly. 

1. Optical treatment. Spectacles, if indicated, can be worn by an 
infant under a year old, provided special precautions are taken) with 
regard to frames and safety lenses, but it is quite pointless to prescribe 
glasses unless there is a relevant refractive error present, for instance, if 


an infant of one year old has a constant 45 convergent strabismus 


- 
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and hypermetropia of --1.0 D.Sph., the wearing of glasses 1s not likely 


to have the slightest effect on the strabismus. Optical treatment may be 
of value in the treatment of strabismus, a) by improving the visual 
acuity, b) by reducing the angle of deviation, c) by restoring parallel- 
ism of the visual axes and normality of binocular function. 

2. Orthoptic treatment. If by orthoptic treatment we mean binocu- 
lar stunulation with complicated apparatus such as a Synoptophore or 
Il roposcope, then it is obvious that orthoptic treatment cannot be en- 
tertained until the child is of sufficient mental development to co- 
operate. The age at which this occurs depends mainly upon the de- 
velopment of the child, but it is fair to say that such treatment is 
never of value under the age of three years, and rarely of value under 
the age of four or even five years. If by orthoptic treatment we include 
occlusion, as indeed we should, then a child is never too young for 
this to be carried out. Occlusion has two functions: a) Improvement of 
the vision of the deviating eye. b) Prevention of stabilization of anomal- 
ous binocular relationship. Indeed, in some cases appropriate occlusion 
may lead directly to the restoration of normal binocular functions. 
Occlusion should be included among “orthoptic” measures, since the 
supervision of cases under such treatment is normally carried out by an 
orthoptist, whose function it is to see that those in charge of the child 
clearly understand the necessity for the treatment and the method 
whereby it is to be carried out. She also has to teach the child the “hr” 
test and subsequently to examine and record the improvement in visual 
acuity at frequent intervals, until such time as the vision of the two 
eyes becomes equal. It is a great help if this time-consuming job 1s 
delegated to a technical assistant.’ 

Although orthoptic treatment, carried out with suitable apparatus, 
may stimulate and re-educate binocular vision so that suppression and 
anomalous retinal correspondence are overcome and fusion and stereo- 
scopic vision developed, the angle of deviation may be greater in degrec 
than can be overcome by improving the fusional reserve. Thus there 
may be insuperable obstacles to the curing of strabismus by orthoptic 
measures alone. With increasing experience, it is possible to differentiate 
between those cases that are likely to be cured by orthoptic and optical 
measures alone, and those in which surgical treatment is needed. 

Orthoptic treatment should be regarded essentially as a means of 
improving the binocular functions and not necessarily as a method 


he 
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of eliminating an angle of deviation. 

In the case of young infants, there is no better method of putting 
the principles of orthoptic treatment into practice than by a) equaliz- 
ing the vision of the two eyes by appropriate occlusion, and then by 
b) restoring parallelism of the visual axes by means of operation. 
The constant rain of similar stimuli falling on the macular region of the 
two eyes may, and frequently does, lead to the normal development of 
binocular single vision. 

Orthoptic treatment should, in my opinion, be undertaken only by 
those who are properly trained, otherwise harm may result. For in 
stance, if an orthoprtist fails to discover that the patient is unable to fuse, 
and gives prolonged exercises to overcome suppression, an operation, 
which overcomes the deviation, may result in constant diplopia. Again, 
if an orthoptst fails to diagnose the presence of abnormal retinal corres 
pondence and gives exercises at the subjective angle of deviation, the 
eyes may continue to converge, in spite of a satisfactory operation, in 
order to make use once again of the anomalous binocular relationship. 

3. Surgical Treatment. Few infants are too young for surgical 
treatment, although in view of the fact that the binocular reflexes are 
in an undeveloped state during the first two years of life, there 1s little 
advantage in operating before the age of about fifteen to eighteen 
months. Prior to operation if there ts free alternation, occlusion 1s of 
doubtful importance in young infants, but if the strabismus is 
lateral, occlusion of the unaffected eye should be carried out until 
tree alternation occurs. 

\part from cases of concomitant strabismus which are secondary 
to some organic ocular disease or some neurological or general disorder, 
there is always a chance of curing completely a case of strabismus in 
infancy, provided adequate and early treatment is carried out. 

The treatment of non-paralytic strabismus can best be surveyed by 


considering some of the etiological factors in its causation. In some 


cases, however, it may be difficult to assign one cause and one only 


to any individual case. There may, indeed, be more than one etiological 
factor. 


CONVERGENT STRABISMUS 


1. [he Hereditary Factor, Vhis is one of the most potent factors 
and perhaps one of the most difficult with which to deal. The desira- 
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bility of routine examination of the offspring of squinting parents is 
obvious, and thereby the umely correction of relevant refractive errors 
may perhaps help to avoid the onset of strabismus. 
2. The Acconnodational Factor. In the accommodational group 
we are not only concerned with those cases in which the strabismus 
typically commences between the ages of two and five years, with a 
peak incidence at about the age of three years, and in which the 
strabismus is usually (but not always) intermittent at first and which 
is essentially due to uncorrected hypermetropia or hy permetropic astig- 
matism, but also with other cases in which the effort of accommodation 
causes an over-convergence, but in which there is no relevant refrac- 
tive error, [This latter group Is quite common, Chavasse' considered that 
here, the cause of the strabismus was a defect of the “harmonic binocu- 
lar reflex,” 1.¢., the binocular reflex the normal development of which 
results in the correct relationship of accommodation and convergence. 
\lthough these cases may have a demonstrable defect of the range of 
accommodation, there is no paralysis of accommodation. Many ophthal- 
mologists treat these cases, in which the essential anomaly is_ the 
presence of a convergent deviation for near fixation but with parallel- 
ism of the visual axes and binocular fixation for distance, by means of 
bifocal glasses. | must admit that | have not been attracted to this 
form of therapy, and my usual plan in very young intants has been to 
correct the hypermetropia up to the full extent so as to encourage the 
use of the eyes binocularly as much as possible. If the eves are being 
employed binocularly for general purposes other than near vision, 
restoration of binocularity for near may gradually develop. If, on the 
other hand, the child belongs to the older age group, Le. five years or 
over, an age at which education begins and the use of the eyes for 
reading becomes important, then | prefer to treat the condition by 
surgical means. | usually perform a small recession of one or both medial 
recti, depending on the angle of deviation. It is an interesting fact that 
although as a result of such surgery the angle of static deviation, 
measured by dissociation tests may be decreased to a slight extent only, 
yet parallelism of the visual axes is restored. It would seem that the 
surgical treatment somehow breaks the anomalous relationship between 
accommodation and convergence and restores harmony. 


In accommodational cases of strabismus in older children orthoptic 


treatment is usually of value as an ancillary method of helping to restore 
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normal binocular functions and ultimately to enable the child to obtain 
binocular single vision in all circumstances not only with, but also with- 
out, glasses. In many cases a combination of optical treatment, orthoptic 
exercises, and operation is indicated for non-paralytic strabismus im an 
older child or adult. 

When confronted with such a case, one should ask oneself, is there 
or ois there not a reasonable chance of restoring binocular single 
vision? The answer to this question can usually be given by a study 
of the history and by an examination of the state of binocular vision. 
In the case of a squint of later onset (three years or older) im which 
binocular function has developed along the normal channels during 


normal functions 


earhest infancy there ts always a chance of restorin 
ata later date. If, in addition, examination on the Synoprophore shows 
the presence of normal retinal correspondence and fusion, then the 
chance of restoration of normal binocular vision is extremely good. 
One need hardly add that gross amblyopia in one eve precludes the 
restoranon of normal binocular vision, although a slight degree of 
amblyopia is not necessarily a bar to restoration of binocular vision. 
Phe tollowing is an example of a case in which restoration of binocu 
lar single vision was possible in’ spite of the squint having existed for 
twenty five years and having been present since the age of two years 
Iris CLS. 27 years. History of left convergent strabismus since the 


age of two vears. Had worn glasses continually since, and at one period 


in childhood had occlusion of the right eve. 


Sometimes convergent concomitant strabismus Is associated with con 


genital myopia, in which case the prognosis with regard to the restoration 
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of normal binocular function is usually good due, | think, to the fact 
that binocular single vision is frequently retained for near objects, 
especially in the early stages of the development of the squint. 

3. The Paretic Factor. A slight degree of paresis of one or more of 
the extrinsic ocular muscles may account for a considerable number of 
cases of so-called non-paralytic strabismus in children. 

Owing to the well-known sequelae which rapidly occur in the case 
of paresis of one of the extrinsic ocular muscles, 1.¢., overaction of the 
contralateral synergist, contracture of the direct antagonist, and second 
ary paresis of the contralateral antagonist, paresis of one of the lateral 
recti may eventually result in a convergent strabismus with concomitant 
features, and it may be difficult to demonstrate any obvious defect of 
excursion of the affected eve. In cases of this etiology surgical treatinent 
is invariably needed. 

In cases of convergent strabismus associated with gross updritt of 
the contralateral eye on lateroversion, and probably due to an underlying 
palsy of one of the vertically acting muscles, operation is invariably in 
dicated. No other form of treatment can restore normality of ocular 
movement, Such a gross updritt is a clear indication for a myectomy 
of the inferior oblique. | do not think there is any advantage in perform 
ing the more difficult operation of “recession” of the inferior oblique in 
such cases. | do not subseribe to the idea that such a physical deformity 
as a gross updrift does not need surgical attention if the visual axes are 
parallel in the primary position, Such an updrift not only causes linuta 
tion of the field of binocular fixation but it also has its social embarrass 
ment. 

Updrijt of the contralateral eye in lateroversion must, however, be 
distinguished from the slight degree of elevation-in-adduction which 
is commonly present in cases of convergent strabismus with a large angle 
of deviation and in which the correction of the horizontal angle causes 
the slight vertical deviation to disappear. 

4. [The Fusion Factor. An obstacle to the fusion of the two retinal 
images may consist of some peripheral sensory defect or the defect may 
be one which is localised more centrally. With regard to the former, 
there is plenty of clinical evidence to show that gross defects of un- 
lateral visual acuity due to organic abnormality are quite consistent with 
the maintenance of normal binocular functions. 

Worth® postulated a congenital deftet of a hypotheucal fusion centre 
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as a cause of squint but it would seem more likely that if such a con- 
genital defect exists it would involve various association tracts rather 
than an isolated nerve centre. An attractive theory has recently been 
postulated by Keiner of Holland,” who suggests that in many cases con- 
genital strabismus of infancy is due to defects of the optomoror reflexes 
due to retarded myelination of the visual tracts. 

5. Phe Psychological Factor. Although there is no doubt that in 
certain cases strabismus is precipitated by a psychological factor, | do 
not think that psychotherapy 1s of therapeutic value, except in rare 
instances. 


The following scheme shows the outline of treatment of non-para 
lytic convergent strabismus in the case of a child. 
(1 Instillation of mydriatik 
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Lhe following scheme gives the outline of treatment of non- 


paralytic 
convergent strabismus in the case of an 


adult or older child. 


strabismus is 
sentially that of 


netic purposes 


Surgical Treatment, | planning surgical treatment to 


cure con- 
vergent: strabismus certain general aims should be borne in mind: 
Phe visual axes should appear straight, 


position but in all directions of the gaze. 


1 not only in the primary 


2. The eves should appear normal 


and symmetrical. 
3. The power 


of convergence should not be weakened. 


4. If it is doubtful whether binocular single vision will result. a 


small residual convergent dey lation should be left. 


otherwise consecutive 
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divergence may occur. (Consecutive divergence ts not likely to occur 
if the strabismus is an alternating one.) 
N.B. It is never possible to forecast the exact result of any operation, 

Bearing these points in mind it may be stated that in general: 

1. It is unwise to retroplace the medial rectus more than 5 mm. in 
an infant, or more than 6 mm. in an older child or in an adult. 

2. It is unwise to try and overcome an angle of deviation greater 
than 25° to 30 by an operation upon one eye, but the operative proce- 
dure should be divided between the two eves. | rarely do more than a 
6 mm. medial rectus recession combined with a to mm. lateral rectus 
resection im any case, except in exceptional circumstances, 

(Although T have quoted certain measurements here, differences in 
individual operative technique are too great for their general accept- 
ance. ) 

3. It is unwise to say that one operative stage will be sufficient to 
cure a case of strabismus. Patients or their parents should be told that 
it may be necessary to carry out the operation in two or three stages, 
or in some complicated cases even more than three. 

Certain variable factors must be borne in mind when planning an 
operation for any case of non-paralytic strabismus: 

(a) The larger the angle of deviation the greater the effect of 
an operation. 

(b) The more variable the angle of deviation the greater the effect 
of an operation, 

(c) If there is habitual limitation of excursion the effect wall be 
less. 

(d) If there is secondary weakness of convergence the effect will 
be greater. 

(ec) In cases of concomitant convergent strabismus of the accom- 
modational type, the higher the hypermetropia the greater the effect 
of operation. 

(f) The longer the duration of the strabismus the less the effect of 
an operation. 

(g) The younger the infant the greater the effect of an operation. 


DIveRGENT SPRABISALUS 


Divergent strabismus may be primary, secondary, or consecutive. 


Phe treatment of divergent strabismus which develops secondarily 
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due to loss of sight of the affected eye merely presents a cosmetic surgi- 
cal problem. The same may be said of consecutive divergence resulting 
from an over-liberal operation for the correction of a convergent stra- 
bismus, or resulting sometimes spontaneously in the mere passage of 
time in a case of originally convergent strabismus. In such cases there 
is always a gross defect of binocular function. The operative treatment 
in the case of secondary or consecutive divergent strabismus is the 


same in principle but with this exception—if divergent strabismus occurs 


in an eye which was originally convergent it is important not to carry 
out any drastic surgical procedure. If an eye has once been convergent 
it may easily be again rendered convergent. 

Primary divergent strabismus may occur: 

1. As a sequel to uncorrected acquired myopia. This variety of 
divergent strabismus is rarely seen nowadays since myopia is usually 
diagnosed and treated in the early stages. If cases of progressive myopia 
are adequately treated by means of glasses, divergent strabismus does 
not result. 

2. As a neuromuscular defect, which invariably commences in an 
intermittent fashion and usually not before the age of two to four 
years or later (although rarely the condition may start at an earlier age) 

The condition is not usually associated with any refractive error, 
although sometimes there is myopic astigmatism in the diverging eye, 
the correction of which may cause the intermittent divergence to dis- 
appear. 

In most cases of intermittent divergence there is no relevant refrac- 
tive error. If hypermetropia exists, its correction, if anything, tends to 
aggravate the intermittent divergence, since the use of accommodation 
tends to keep the divergence tendency in check. 

If cases of intermittent divergence are left untreated, except those 
cases with a slight deviation of infrequent occurrence which may clear 
up spontaneously, the condition tends to become worse, and eventually 
it may become one of constant divergence. 

It used to be thought that these intermittent cases were easy to 
treat by orthoptic measures alone, but this is a misconception.® Certainly 
it is possible to overcome suppression at the relaxed divergent angle of 
squint and thereby to make the patient aware of diplopia, but attempts 
to teach the patient control of the divergence by increasing his power 
of adduction invariably lead to a spasmodic convergent effort, and 
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may even cause the patient to give esophoric responses on the Maddox 
rod and wing tests, but the tendency to divergence, especially when he 
is relaxed and tired, still remains. 

| think that the only way to cure these cases of intermittent 
divergent strabismus is by means of operation. Pre-operative orthopuc 
treatment should only be given in order to overcome suppression and 
not in order to improve convergence. 

If the divergence occurs mainly when viewing distant objects, a 


liberal recession of the lateral rectus of the usually diverging eye should 


be carried out, and if this is insufficient to relieve the symptom, a reces- 
sion of the other lateral rectus should be undertaken subsequently. If 
the divergence occurs mainly when viewing near objects, a resection 
or plication of the medial rectus is needed in addition to a recession 
of the lateral rectus. 

In the treatment of constant divergent strabismus (which inci- 
dentally invariably has commenced in an intermittent fashion) opera- 
tion is indicated. It is usually necessary to do a liberal recession of the 
lateral rectus and a plication or resection of the medial rectus. 

The aim of surgical treatment in the case of divergent strabismus 
whether it is of the intermittent or constant variety is to render the 
visual axes just a few degrees convergent, if this is done there is little 
chance of subsequent divergence occurring. 

With regard to the function of binocular vision in cases of constant 
divergent strabismus, it is usual to find gross suppression and sometimes 
complete lack of simultaneous perception, and yet when the visual axes 
have been rendered parallel by operation, one usually finds that fusion 
has developed and sometimes even stereoscopic vision, and this without 
any assistance from orthoptic treatment. How 1s this accounted for? 

I think it is simply that divergent strabismus rarely commences 
before the binocular reflexes are well developed and even then it ine 
variably commences in an intermittent fashion. If binocular vision has 
once been established and fairly well developed it is a relatively easy 
matter to restore it again. 

In attempting to sum up the situation with regard to treatment of 
non-paralytic strabismus, one would say that in cases of constant strabis- 
mus in order to achieve a complete cure, ie., restoration of normal 
binocular single vision, the sooner the visual axes are restored to their 
normal alignment by one means or another, the better. On the other 
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hand, if the strabismus is of an intermittent nature or only occurs for 
certain distances of fixation and can be partially controlled by appro- 
priate spectacles, provided the child 1s sufficiently young, a certain 
expectant period of me may be allowed to elapse. 

Although in many cases of convergent strabismus in infancy, we 
do not know the precise cause of the strabismus, that should not deter 
us from attempting to rectify the condition as early as is reasonably 


possible so as to give the infant a chance of developing his binocular 


vision along normal channels, and, even if we may question the value 


of binocular vision for all members of society, we can at least ensure 
that a child suffering from strabismus grows up in possession of two 
useful seeing eyes, and what is more important, without the psychologi- 


cal embarrassment of being cross-eved. 
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FELLOWS PUBLICATIONS IN THE LIBRARY 


The Academy Library tries to have on its shelves all new books ot 
importance as soon as possible after publication. It is particularly desirable 
that the writings of the Academy’s Fellows be available here: first, because 
a Fellow’s book is expected to be found in his Library; second, because he 
is presumably cager to increase the Library’s resources; and third, be- 
cause these publications form part of the historical record of the Academy’s 
accomplishments, It is hoped, therefore, that every Fellow will see that 
his Library receives a copy of all the books he publishes; it will be to his 
own interest as well as the Academy's to have his w ritings preserved for 


pe stcrity. 


THE LIAISON PSYCHIATRIST: 
HIS ROLE GYNECOLOGY * 


Lewis Gersiir, JR. 


SN to discuss the role of a liaison psychiatrist. to 


gynecology, it might be well to outline briefly the 

| specific setting with which the author is associated. ‘This 

g refers to The Mount Sinai Hospital of New York City, 

Gesesesesesesa which during the past six years has been permeated by 

a very widely disseminated psychiatric impact. In a paper published in 

the Medical Clinics of North America in May of 1948, Dr. M. Ralph 

Kaufman, Psychiatric Director at Mount Sinai, and his associate, Dr. 

Sydney G. Margolin,’ summarized the theory and practice of psychoso- 
matic medicine in a general hospital. | quote: 


“Psychiatry for many years has been isolated in state hospitals and 


had almost completely lost its relationship to the field of medicine. As a 


result of the experiences of World War I, psychiatry became to some 
extent also an extramural specialty which, however, was sull restricted 
to the diagnosis and treatment of mental disorders as such. Gradually, 
especially under the impetus of a psychoanalytic orientation, more atten- 
tion began to be paid to the psychological aspects of illness. “The inter- 
relationship between psyche and soma, the meaning of illness, the 
patient as a person, the “comprehensive approach’, and the other familiar 
platform planks of so-called psychosomatic medicine began to play an 
increasing role in the field. This resulted in the beginning of a rap 
prochement between psychiatry and medicine.” Kaufman and Margolin 
then continue with a discussion of the role of the haison psychiatrist 
in which they state: 

“In the organizational phase of the psychiatric service under the 
minimal conditions that we postulate, it is probable that the activities 
of the liaison psychiatrists, of whom there are ten in the inpatient ser- 
Re 
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vice, are of the greatest importance in developing a healthy functioning 
rapport between the psychiatric service and the established traditional 
services of the hospital. Their functions usually begin with answering 
routine requests for consultations. However, the initiative of the liaison 
psychiatrist and the fact that he can contribute to the diagnosis and 
management of patients on the general wards soon makes him an invalua- 
ble part of the total therapeutic program. His efforts are consciously in- 
tegrated into the problems of diagnosis and therapy. However, in num- 
erous instances the psychiatrist cannot make a significant contribution. 
If this be so, he says so, and indicates why, including offering ignorance 
as a reason. The essential attitude of the liaison psychiatrist in a general 
hospital should be one of collaboration and, above all, of not overselling. 

“These guiding principles operate with equal force in the activities 
of the liaison psychiatrist in the various outpatient clinics of our hospi- 
tal.” 

In general, therefore, the duties of the liaison psychiatrist attached to 
any inpatient service will fall into four categories: 

1. To concern himself with the welfare of patients. 

2. By his general attitude to formulate an example to the other 
clinicians in what he considers to be a proper approach to patients. 

3. Lo strive for indoctrination of the staff in the psychosomatic 
point of view—or what better can be called the technique of com- 
prehensive medicine; and 

4. Vo interest himself in original investigative work which may 
prove to be a contribution to research. 

When the author was first assigned to the Gynecology Service of 
The Mount Sinai Hospital about a year and a half ago, most of the 
solicited consultations had to do with requests for management of dis- 
turbed, unruly, over-demanding or psychotic patients. In addition the 
psychiatrist was almost always asked to interview patients whe had had 
a previous psychiatric history. The psychiatrist’s services were properly 
requested in regard to the propriety of therapeutic abortions performed 
because of psychiatric illness, His help was also frequently invited re- 
garding an appropriate disposition of the patients following their dis- 
charge from the ward. Depending upon the specific needs of a patient 
when discharged from the gynecological ward, she might be recom- 
mended to: 1) follow-up in the gynecological clinic; 2) referred to the 
Neustadter Convalescent Home; 3) advised to have psychotherapy in the 
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psychiatric outpatient department; 4) referred to the psychiatric ward 
for intensive study and psychotherapy (the duration of such treatment 
is usually no less than six weeks nor longer than three months) ; and 
5) follow-up by a caseworker either medical or psychiatric. It is clear, 
therefore, that neither the psychiatrist nor the gynecologist is necessarily 
finished with a patient when she leaves the gynecological ward. 

It was apparent from the outset that although the liaison psychiatrist 
could in many of the above instances make a genuine contribution, his 
potential was being used in an extremely limited way. For this reason 
he chose to avail himself of his privilege to see any and all patients re- 
gardless of whether or not his advice was requested. These unsolicited 
consultations seemed highly desirable to the psychiatrist since he was 
thoroughly convinced that his activities and endeavors should be prop- 
erly directed not only towards troublesome patients but even more 
importantly focussed on troubled pauents. The selection of patients with 
whom the psychiatrist chose to concern himself was based on a number 
of criteria having to do with his observations on ward rounds, in the 
gynecological examining room and also with individual survey directed 
at an attempt to evaluate the specific nature of each woman’s organic 
situation in relation not only to the diagnosis but to the surgical proce- 
dures which were contemplated. Important in the crystallization of such 
feelings in the psychiatrist was the recognition of the great importance 
of the ideas so clearly expounded in a paper by Victor H. Rosen,* Ad- 
junct Psychiatrist, The Mount Sinai Hospital. The following are ex- 
cerpts from Dr. Rosen’s paper, which bears the utle “The Role of De- 
mal in Acute Postoperative Affective Reactions following Removal of 
Body Parts.” 

“The liaison psychiatrist on a surgical service in a general hospital 
is quite frequently called in consultation following the removal of im- 
portant parts of the body because of exaggerated affective reactions to 
surgery. Since all of the patients (Dr. Rosen’s) studied were average 
individuals before operation, who seemed to adjust adequately to the 
ordinary stresses of living, several important issues present themselves 
for discussion: 1) At what point should a reaction seemingly so appro- 
priate and universally understandable as the mourning response to the 
loss of an extremity or an important body function be considered patho- 
logic? 2) What is the nature of the ego structure that gives this partic- 
ular pattern to the response in certain individuals, whereas others seem- 
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ingly tolerate their mutilations with greater equanimity or exhibit totally 
different patterns of response? 3) Are there modifiable factors in the 
relationship of the patient to the hospital environment which might be 
manipulated to decrease the incidence or the severity of these undesirable 
psychiatric complications of surgery? 4) Are there personality traits 
which make it possible to predict which individuals will succumb to 
such reactions and therefore require some special handling?” 

Dr. Rosen then writes: “Surgeons reveal various attitudes, according 
to their personalities and experiences, in regard to telling their patients 
unpleasant truths concerning the surgical status. Most of them seem to 
have arrived at an intuitive understanding of their psychologic impor- 
tance for the patient. With the anxious patient there is a widespread 
tendency to join the patient in his denial of the unpleasant consequences 
of surgery with an ‘everything is going to be all right just leave the 
worrying to me’ attitude. Frequently, with the patient who prides him- 
self on his independence and capacity to ‘take it straight from the 
shoulder,’ one finds the surgeon granting his request, knowing that this 
will be more reassuring than any minimizing of reality. On some oc- 
casions, however, the psychiatrist is bound to feel that the surgeon 
shrinks from the unpleasant task of facing the patient with reality and 
resorts to subterfuges which may have deleterious psychologic conse- 
quences. These take the form of: 1) Getting the psychiatrist to break 
it to the patient. 2) Forming a compromise between truth and denial by 
various minimizing procedures. 3) Shedding the responsibility by telling 
the relatives instead of the patient.” 

Dr. Rosen continues: “The modifiable factors, in the light of these 
observations, would seem to lie in the ability to predict which personali- 
ties will require a special preoperative psychologic preparation for major 
surgical procedures, together with the development of a technique for 
giving these patients factual information in such a manner that it has 
affective as well as intellectual meaning. In the case of patients who are 
thought to be predisposed to an affective reaction to surgery this will 
require discovery of the role played by the new altered body state of 
the individual in her life pattern and of how best to present the outlook 
for the new reality situation to her.” 

The special field of gynecology invelving as it does the reproduc- 
tive structures of a woman is obviously one which points up feelings, 
common to all patients faced with surgery, concerning deprivation, 
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castration and distortion of the body image. Since anxiety, directed 
towards such traumatic ideas is frequently present although often re- 
pressed and concealed, the liaison psychiatrist must often anticipate re- 
actions in patients of which they are either ashamed and therefore pur- 
posely conceal or of which they are actually unaware. In addition, the 
indignity of what the patient often regards as a hostile and unjustifiable 
invasion of her privacy is a reaction which frequently demands con- 
sideration and management. 

Almost from the beginning of his assignment, the psychiatrist felt 
that it would be advisable to spend some time with ev ery patient who ts 
faced with pelvic surgery, particularly when that surgery necessitates the 
removal of one or several of the pelvic organs. Since hysterectomies, 
myomectonues, removal of pelvic neoplasms and various genital plastic 
operations constitute a large percentage of gynecological surgery, the 
objective outlined above demands a considerable amount of time, and 
it must be frankly stated that not all such patients have been seen, but 
a great number of them have, and with very few exceptions such inter 
views have in varying degrees been successful, or so considered by 
the gynecologists as well as the patient. 

Patients of any kind seldom come mght out and tell the doctor their 
real anxieties and worries. They often emphasize a substitute, not neces 
sarily to conceal or deceive but because the actual core of their 
anxicty is often an almost unbearable truth and therefore deliberately 
underplayed or even skipped. lence, the psychiatrist has learned not 
to accept necessarily the patient’s productions as gospel but has tried 
to approach each patient with justifiable skepticism particularly in regard 
to the patient’s own weighting as she spontancously formulates her 
anxiety. This point of view is a fusion born of an academic curiosity, 
a knowledge of psychodynamic principles and a sincere desire to serve 
the patient’s best interests by an uncovering technique which wall reveal 
at least to the psychiatrist the core and nucleus of cach woman’s atti 
tudes. Such efforts are usually gratefully received by the patient since 
she almost always senses the fact that she is talking to someone who 
may be able to help her face, recognize, and deal with what 1s really 
troubling her. The recurrent remark of a great many women on the 
ward has been “You are the first person who has talked to me like this” 
which seems to validate clearly the acceptance with which most women 


react to such attempts. 
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In a recent paper by Watts and Wilbur’ they confirm the importance 


of such an effort by saying: “A woman plagued by fear that she has 
cancer may be completely relieved by simple assurance after careful 
palpation of the breasts or examination of the cervix uteri, but often 
much additional explanation and support are needed.” ‘These authors also 
state that when a patient defensively states “there’s nothing wrong with 
my sex life, doctor,” the clinician can almost always be sure that all is 
not well in this respect. Further probing in this intimate area then 
becomes a matter of the specific needs of the patient tempered with the 
doctor’s own experience and judgment. These authors sound an im- 
portant note of caution by mentioning that “one must be careful not 
to remove the lid from the boiling caldron of the patient’s emotions 
unless it can be got back on again, Probing into deep and complicated 
intrinsic psychological conflicts should be avoided by the general 
physician, unless he possesses adequate psychiatric training.” 

It is the author's feeling that only from experience is born the 
awareness, of each clinician’s knowledge concerning his own psychiatric 
limitations, 1.¢., how far and how deeply he may go, preserving his own 
equanimity and at the same time being helpful to the patient. It must 
be emphasized that any unresolved prudery of the doctor will inevitably 
be detrimental to his acquisition of the data he may wish to acquire and 
whatever embarrassment he shows will most certainly be reflected in the 
patient. 

Renneker and Cutler‘ stress the fact that the same frankness which 
they found so useful regarding the use of the word “cancer” to patients 
with breast lesions is not, in their opinion, applicable to women afflicted 
with malignant disease in other parts of their sexual and generative ap- 
paratus. It has been the writer’s experience that frequently the exact 
same frankness which Renneker and Cutler applied to acquainting a 
patient with her problem of breast carcinoma can frequently be used 
with most advantageously detoxifying effect, with women who are faced 
with the prospect of gynecological surgery for suspected malignancy. 

At this point I shall try in a few minutes to present several highly 
condensed case histories in order to point up what has already been 
said. The interviews upon which the following case reports are based 
seldom lasted over twenty minutes, sometimes a good deal less, so it can 
clearly be seen that the over-worked excuse, “I haven't the time,” ts 
invalid, These three cases were chosen because they happen to have a 


| 


Liaison Psychiatrist: His Role in Gynecology 


specific practical value in ward conduct and management. They also 


demonstrate that we have no justification for presuming or taking for 
granted that we know what the patient actually fears, since her real fear 
is often quite different than one might suppose. Guessing does not pay. 

A forty year old woman who was admitted because of a melanoma 
of the vulva was apparently inordinately panicky and disturbed at the 
impending surgery. The gynecologists felt that her fear was in a sense 
exaggerated and inexplicable since she repeatedly mentioned the fact that 
she was quite realistic in her knowledge that this was a serious condition, 
probably malignant in nature, requiring radical surgery. Within five 
minutes after the psychiatrist visited her, she blurted out the fact that 
it was not the fear of malignancy itself or even death which bothered her 
much but rather the horror of mutilation after which she might find her 
external genitalia so distorted that “she would no longer look like a 
woman.” When she had confessed this basic anxiety and when she was 
assured truthfully that no such deformity would result, she was operated 
on without any undue terror and fortunately made a completely un- 
eventful and successful convalescence. 

Another woman, aged sixty-three, who suffered from an intractable 
pruritus vulvae revealed that the highly distressing itching began three 
vears before when her husband to whom she had been married twenty- 
five years was suddenly hospitalized because of an acute flareup of a 
long-standing pulmonary tuberculosis. She then went on to say that she 
felt unbearably guilty about this matter since when she was first married 
she attempted to have the union annulled when she discovered that her 
husband had tuberculosis. Not being able to do this she refused to have 
sexual relations with him for over twenty years, recognizing that she was 
remiss and cowardly in yielding to her feelings of fear of becoming in- 
fected with tuberculosis. It was, however, not until the acute exacerba- 
tion of her husband’s illness that. her pruritus began. This history was 
obtained in about ten minutes. The following day the patient summoned 
the psychiatrist announcing that for the first time in three years her 
itching was much better, and spontaneously volunteered the opinion 
that it was because she had in some way acquired not only partial under- 
standing of the cause but also had achieved a very welcome feeling of 
relief of her unsupportable guilt. 

A third woman, aged forty, who was in urgent need of a hysterec- 
tomy also impressed the gynecologists as being more than usually 
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panicky and terrified. After a few minutes’ conversation with her she 
told the psychiatrist that it was not the surgery which actually terrified 


her, since she recognized it to be not particularly hazardous, but it was 


the fear she felt of going from the ward to the operating room and the 


horror she had of inhaling anesthesia. These she recalled from a recent 


previous surgical experience at Mount Sinai. When told therefore that 


an attempt would be made to induce anesthesia in the ward by means of 


avertin, she broke into a grateful smile and announced that if this could 


be done she would not be afraid, and indeed she was not when the next 


day anesthesia was given in the way she was promised. 


Such examples, incomplete as they are, are quite typical, and they 


serve to point up the fact that the psy chiatrist’s particular disciplines are 


no more mportant than his general atutude and approach to patients. 


In the first and third cases the main fear of each woman concerned 


itself with something which she consciously refrained from mentioning 


because of embarrassment or risk of being misunderstood. The second 


case (the pruritus vulvae) represented unconscious displacement 


which the psychiatrist helped clarity. There are many other cases which 


might well be reported in which it was possible for the psychiatrist to 


concern himself ata deeper level with the interplay of unconscious fac- 


tors, the attempt to understand and perhaps interpret the essential 


dynamics to the patient. Llowever, chiefly because of limitations of 


tune, such material, although extremely significant and important, wall 


not be presented at this tine. 


Ir should be emphasized that it has rarely been necessary to spend a 


great deal of time with a patient, even at the initial interview, Naturally, 


a number of patients were seen more than once, and as has been pre- 


viously stated, whatever type of psychiatric or gynecological after care 


was indicated, was conscientiously pursued, since such follow-up has 


always been considered an essential part of our combined treatment 


program, 


\r this point it is W ell to say that when it has been possible for the 


psychiatrist to make what can be properly considered a significant con- 


tribution itis advisable to ask to whom such a contribution is being made, 


since often the psychiatrist’s efforts have been more helpful in enriching 


the point of view of the resident and attending staff than they have been 


to the patient. This, although not the most important objective, ts in- 


evitable since in some instances it has neither been advisable nor possible 
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to present understanding or interpretation directly to a patient. By 
degrees, the presence of the psychiatrist at routine ward’ ha and in 
the examining room has gradually resulted in a feeling that he ts indeed 
a useful and cooperative member of the gy necological team. Frequent 
conferences, constantly recurring, informal conversations with the resi- 
dent and attending statf as well as an occasional seminar directed at the 
more academic aspects of the psychosomatic approach have helped in 
crystallizing this good opinion, but nothing has been of more importance 
than the interest shown in the psychiatrist's attitude and personal motiva- 
tion regarding what he has attempted to do clinically. 

Although for the most part the attitude of the resident staff has been 
one of varying degrees of interest, with the everchanging personnel (the 
advent of a new resident) one quite naturally has encountered varying 
degrees of enthusiasm or apathy. It is perfectly understandable that the 
main concentration of interest of most residents and interns has been in 
getting as much surgery to do as the attending gynecologists are willing 

o allocate. Therefore, it was not surprising that when what seemed to 
1 epee resident too much time and effort was being demanded of 
him from the psychiatrist’s point of view, he became somewhat resistant. 
When it was mentioned that in future the psychosomatic approach to 
gynecology would in all probability assume an even greater importance, 
he accepted this prognosis by saying, “Well, that’s all right with me, pro- 
viding it does not cut into the amount of surgery I get.” He was assured 
that this was not a necessary sequel, and it also seemed opportune to 
mention at the same time that as he acquired more ease in dealing with 
the personality of his patients and acquired greater skill and facility in the 
technique of total medicine, he would also achieve greater peace of mind 
and equanimity in his duties as a gynecologic surgeon. 

It would be less than the truth to fail to state that there have been 
many things about which the psychiatrist has felt critical, and it is 
equally certain that the gy necologists have certainly had many justifiable 
criticisms of their liaison psychiatrist. Ilowever, since there has been an 
uninterrupted feeling of mutual respect and good will, these differences 
have not only to a great extent been bridged but have been successfully 
used as pivotal points upon which could be based concerted and com- 
bined efforts at improving the quality of the entire service. 

Perhaps enough has been said to make it clear that the role of a 
liaison psychiatrist in gynecology is a highly challenging and provocative 
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one in which the various disciplines and foci of interests of all concerned 


can be combined in a way which eventuates in better and more complete 


care for the patient, 
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through surgical supply dealers handling D & G 


fortified with Melmac, : 
weighs 


4 


ble products. : 


Use of Melmac 

cequires no new 

technique 

To use bandages and 
splints wetted with Mel- 
mac solution, no new tech- 
nique for applying casts 
need be learned. Plaster 
rolls or splints are soaked 
in the Melmac solution 
in the usual manner, the 
excess solution is pressed 
out, and the cast applied 
with the same technique 
as with ordinary plaster 
bandages and splints. 


Note: 

Cobey,® reports not one 
person allergic to Mel- 
mac in applying 1000 


casts. 
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thopedic Surgeons, Jan. 26- 
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thopedic Surgery, George- 
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ior Attending Orthopedic 
Surgeon, Children’s Hos- 

ital, Washington, D.C., 
he American Surgeon, 
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tion. 


Davis & Geck manufactures 
a complete line of surgical 
sutures. Diameter for diam 
eter, the tensile strength of 
D&G Surgical Gut is unex- 
celled by any other brand 
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37 Willoughby Street, _ 
j IG; Brooklyn 1, N. 


CHARLES B. TOWNS HOSPITAL esesisses 


Complete Medical & Psychiatric Treat 
ment at predetermined cost. Privacy 


FOR THE TREATMENT OF ALCOHOLISM of patient is assured—if desired. 


Literature on Request 
NARCOTIC AND BARBITURATE 
Edward B. Towns, Director 


ADDICTIONS EXCLUSIVELY 293 Central Park West, N. Y. 24.N. Y 
SChuyler 4-0770 


Member American Hospital Association 


Aminophyllin... 


a “most effective single agent aminophyllin 

for prompt relief’ of severe 

theophylline-ethylenedi 

bronchial asthma yn y amine 
readily 

“useful as a peripheral vasodilator and soluble for 


myocardial stimulant’’ in rapid 


pulmonary edema therapeutic 
paroxysmal dyspnea effect. 
of congestive heart failure om 


TABLETS + AMPULS 
Cheyne-Stokes respiration 


POWDER 
H. E. DUBIN LABORATORIES, INC. SUPPOSITORIES 


250 E. 43rd St. + New York 17, N.Y 


Specialists in Plastic and Glass 
Artificial Human Eyes Exclusively 
REFERRED CASES CAREFULLY ATTENDED 


FRIED & KOHLER, Inc. 


Satisfaction 665 FIFTH AVENUE NEW YORK, N. Y. 
Guaranteed near 53rd Street Tel. Eldorado 5-1970 


The PARK A NURSING HOME 


WITH A NEW CONCEPT 


TOWN H 0 U SE A resid of elegance and grace under the direction of 


qualified professional personnel. it meets your most 

thorough requi and satisfies your most fastidious 

NU RSING HOME patients. |t provides personalized attention to the indi- 

pees vidual and his social needs promoting zest for health 
61 Sist St. and life. 

New York 28, N. Y. Occupetional ond Recreational Therapy. Murok. Relaxe- 

Pha. TRafalgar 6-0415 tion in Spacious Gardens. Convenient for 
Leela L. Gaines, Director 
(Member, Amer. Geriatrics Soc.) : We Cordially Invite Your Inspection. 
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My, 
responds 


The only valid test 
of an antibiotic’'s 


efficacy is 


the patient's response 


meets this test 


to therapy 


Now thoroughly evaluated in many thousands of successful ther- 
apeutic trials, BICILLIN takes its place as an outstanding form of 
the basic antibiotic, penicillin 


BICILLIN brings to penicillin therapy new dimensions of reli- 
ability . . . of persistence of blood levels .. . 


Tablets that enable effective penicillin therapy on only 2 tablets 
per 24 hours 


The only fluid oral penicillin that is not only effective, but also 
palatable, stable and ready to use 


Oral forms that do not require a buffer against gastric juices; 
are taken regardless of mealtimes without loss of potency 


Injection that produces penicillin blood levels for 2 weeks with 
a single dose 


For broad-spectrum therapy: BICILLIN-SULFAS . . . BICILLIN with 
SULFOSE™, Wyeth's exceptional triple sulfonamide. 


PHILADELPHIA 2 PA 
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MUSCULO-SKELETAL 
ACHES AND PAINS 


ARTHRITIS © Rub A-535's combination of time- 
proven ingredients, in a modern 
RHEUMATION © non-greasy, stainless, vanishing 
BURSITIS © base facilitates rapid analgesic and 
MYOSITIS counter-irritant action in the symp- 
NEURITIS © tomatic treatment of a wide range of 
musculo skeletal conditions. 
SCIATICA ° Rub A-535 contains four active in- 
LUMBAGO °¢ gredients: Camphor 1%, Menthol 1%, 
Oil Eucalyptus 427, Methyl Salicylate 
12%. 
Rub A-535 may be used following dia- 
thermy, infra-red lamps, baking and other 
forms of physio-therapy. 


stine: 


GREASELESS * STAINLESS 


A535 


VANISHING 


For a Professional Sample of Rub A-535, Write Dept. E-33 


THE DENVER CHEMICAL MFG. CO., Inc. 
163 Varick Street, New York 13, N. Y. 
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THE ORIGINAL ENTERIC-COATED TABLET 
OF THEOBROMINE SODIUM ACETATE 


EFFECTIVE 
WELL-TOLERATED 
PROLONGED 
VASO-DILATION 


REPEATEDLY SHOWN and proven by objective tests on 
human subjects' — this is one of the most effective of all the 
commonly known Xanthine derivatives. Because of the 
enteric coating it may be used with marked freedom from 
the gastric distress characteristic of ordinary Xanthine 
therapy. Thus THESODATE, with its reasonable prescrip- 
tion price also, enjoys a greater patient acceptability. 


Available: in bottles of 100, 500, 1000. 


TABLETS THESODATE 


*(7% gr.) 0.5 Gm. (*3% gr.) 0.25 Gm 
THESODATE WITH PHENOBARBITAL 
*(7% gr.) 0.5 Gm. with (4 gr.) 30 mg. 
(7% gr.) OS Gm. with (“4 gr.) 15 mg. 
*(3% gr.) 0.25 Gm. with (‘4 gr.) 15 mg. 
THESODATE WITH POTASSIUM IODIDE 
(S$ gr.) 0.3 Gm. with (2 gr.) 0.12 Gm. 
THESODATE, POTASSIUM IODIDE WITH PHENOBARBITAL 
(5 gr.) 0.3 Gm., (2 gr.) 0.12 Gm. with ("4 gr.) 15 mg. 
*In capsule fo; also, bottles of 25 and 100. 
1. Risemon, J. E. F. ond Brown, M. G. Arch. Int. Med. 60: 100, 1937 


2. Brown, M. G. and Riseman, J. E. F. JAMA 109: 256, 1937. 
3. Risemon, J. E. F. N. E. J. Med. 229: 670, 1943. 


For samples just send your Rx blank marked— 20TH 2 


BREWER & COMPANY, INC. WORCESTER 8, MASSACHUSETTS U.S.A. 
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NO. ,.more efficient control of 
nausea and vomiting of. . . 


PREGNANCY 


MOTION 
SICKNESS 


RADIATION 
SICKNESS 


POST- 
ANESTHESIA 


APOLAMINE’ 


Investigations prove that the antinausea drugs show a higher 


degree of effectiveness when given together. 
Apolamine is a balanced combination of effective antinausea agents 
for a more comprehensive four-point control of nausea and the 
vomiting reflex. 

CONTROLS THE CEREBRAL VOMITING CENTER 
With a gentle sedation that depresses the vomiting reflex and relieves 
the patient's nervousness. 

CONTROLS EXCESS PARASYMPATHETIC STIMULI 
Which give rise to solivation, gastric hypersecretion and, in turn, vomiting. 
HELPS TO CONTROL METABOLIC FUNCTIONAL IMBALANCES 
Provides the vitomins of the B complex which tend to reduce the incidence 


of nausea and vomiting. 


CONTROLS LOCAL GASTRIC IRRITATION 
Minimizes the nauseous reaction to various foods by decreasing the sensitivity 


of the mucosal lining of the stomach. 


Each tablet contains 15 mg. (1/4 grain) Luminal®, 
0.1 mg. (1/600 grain) atropine sulfate, 0.2 mg. 
(1/300 grain) scopolamine: hydrobromide, 0.1 Gm. Pes 
(1 1/2 grains) benzocaine, 4 mg. riboflavin, 

2.5 mg. pyridoxine HCI, and 25 mg. nicotinamide. 


Apolomine is supplied in bottles of 100 tablets. 
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tHE BULLETIN 


An Important Diet-Feature in Weight-Control Programs 


WALKER-GORDON CERTIFIED 
LOW-FAT MILK 


Remove the cream from Walker-Gordon Certified Whole Milk and you have 
Walker-Gordon Certified Skimmed Milk... custom-made for weight-control 
and weight-reduction programs. Your patients get the necessary nutrients 
of Walker-Gordon Certified Whole Milk without the butter fat and fat soluble 
vitamins. All the minerals including caleium and phosphorus, water-soluble 
Vitamins, amino acids, and proteins remain, but only about half the calories 
of Whole Milk are present. And this pure, delicious. FRESH Skimmed Milk 
has real taste-appeal. 
The Medical Profession also frequently recommends Walker- 
Gordon Certified Skimmed Milk in cases of Pregnaney and 
Lactation, Childhood and Adult Obesity, Abnormal Bite 
Secretion, Celiac Disease, Infant Feeding, Gastric Ulcers. 
Diarrhea, Psoriasis, Allergy, Diabetes, Colitis, Acne, Kezema. 
and Hypertension. 
Delivered fresh within one day of milking by leading dairy distributors in 
New York, New Jersey, and Pennsylvania. 


FREE! Descriptive book, “Technical Control and Supervision of Walker- 
Gordon Certified Milk.” sent without obligation on request. 


Walker-Gordon Laboratory Co. 
Plainsbere, NV. J. Phone Pininsbere, 3-2750 


Certified by the Medical Milk Commissions of the Counties of New York, Kings, 
Hudson, and Philadelphia 
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THERE MUST BE A REASON WHY 
MILD, SO FLAVORFUL! 
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Quality you can Trust 


Coca-Cola makes any pause 
the pause that refreshes 


DRINK 


and other pneumonias 
due to sensitive organisms 
respond promptly to therapy 


with well 


: 
& 
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“optimism and cooperation 


are encouraged by 


Methamphetamine Hydrochloride, COMPRESSED 


Subtle improvement in mood and outlook 
follows oral administration of small doses 
of ‘Methedrine’. This helps carry 
depressed patients through their troubles, 
toward normal adjustment. 


For those whose troubles stem from 

eating too much, ‘Methedrine’ makes all 

the difference between continual 

self-denial with consequent irritability, 

and easy acceptance of a reducing diet; 

it dispels excessive desire for food. 
Literature 
‘Methedrine’ brand Methamphetamine Hydrochloride, 
5 mg., Compressed, scored 


will be 


sent on Bottles of 100 and 1,000 
request 


& Burroughs Wellcome & Co. (U.S.A.) Ine. Tuckahoe 7, New York 
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clinically confirmed 
esthetically acceptable 
for simple 


dependable contraception 


VAGINAL 


PRECEPTIN®™ vaginal gel contains 
i the active spermicidal agents 
ig p-Diisobutylphe ypolyethoxyethanol 


pea and ricinoleic acid in a synthetic 


base buttered at pH 4.5 


Ortho Pharmaceutical Corporation 
Raritan, New Jersey 
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| with the most widely prescribed jelly and cream . 


Just 1 or 2 Pentids Tablets t.id. are particularly effective... 
convenient, easy-to-take . . . cause fewer side effects . .. and are 
less than ¥ the cost of the newer antibiotics. 


Bottles of 12 and 100. 


Squibb 200,000 Unit Penicillin Tablets 


oral penicillin t.i.d. | 

| 

| 

... for the more common bacterial infectious diseases 
~ 

Saquiss 


